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Bovine Neospora Jf - ypTates and Their Uses 

This application is a continuation in part of 
U.S. S.N. 08/215,858, which is incorporated herein by 
5 reference. 

BACKGROUND OF THE INVENTION 

This invention relates to the diagnosis and 
prevention of bovine diseases caused by the protozoan 
parasite, Neospora. The invention specifically relates 
10 to isolated cultures of the parasite and nucleic acids 
and proteins isolated from them. 

A distinct pattern of inflammatory lesions, 
consisting of focal non- suppurative necrotizing en- 
cephalitis, non- suppurative myocarditis and myositis have 
15 been observed in many aborted bovine fetuses submitted 
for diagnosis. The pattern of lesions, particularly in 
the brain, is similar to those seen with Toxoplasma 
gondii infections in sheep. However, cattle have been 
reported to be resistant to T. gondii infection Dubey, 
20 Vet. Parasit. 22:177-202 (1986). In 1988, a cyst -forming 
protozoal parasite was first identified by 
histopathological examination in fetuses (Barr et al., 
Vet. Parasit, 27:354-61 (1990)). This parasite was 
morphologically similar to Toxoplasma, except that some 
25 of the cysts had thick walls, which was more similar to 
the Neospora caninum-like protozoan observed by Thilsted 
& Diibey (J, Vet. Diagnos. Invest. 1:205-9 (1989)) in 
aborted fetuses from a dairy in New Mexico. 

Further studies showed that the protozoal 
30 parasites associated with inflammatory lesions in aborted 
fetuses and neonatal calves in California had 
ultrastructural and antigenic features that were most 
similar to N. caninum parasites which were originally 
isolated from dogs (Dubey et al.. JAVMA 193:1259-63 
35 (1988;;. However, differences in the antigenic 
reactivity of the bovine protozoan and N. caninum when 
tested with a panel of antisera indicated that they may 
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not be the same species (Barr et al., Vet. Pathol. 
28:110-16 (1991) ) . 

A more complete understanding of the identity 
and biology of these bovine protozoa requires 
5 establishing continuous in vitro cultures of the 
parasites. Such cultures would also be valuable in the 
development of diagnostic assays and pharmaceutical 
compositions for the treatment and prevention of Neospora 
infections. The present invention addresses these and 
10 other needs. 

SUMMARY OF THE INVENTION 
The present invention provides biologically 
pure cultures of bovine Neospora. Two such cultures have 
15 been deposited with the ATCC and given ATCC Accession No. 

(BPAl) , and ATCC Accession No. 

(BPA6} . 

The invention also provides methods of 
detecting the presence of antibodies specifically 

20 immunoreactive with a bovine Neospora antigen in a 
biological sample (e.g., bovine serum). The method 
comprises contacting the sample with the Neospora 
antigen, thereby forming a antigen/ antibody complex, and 
detecting the presence or absence of the complex. The 

25 Neospora antigen is an isolated Neospora tachyzoite, 
bradyzoite, or an isolated Neospora protein. In some 
embodiments, the antigen is immobilized on a solid 
surface and the complex is detected using a f luorescently 
labeled anti-bovine antibody. 

30 The invention further provides methods of 

detecting the presence of Neospora in a biological 
sample. These methods comprise contacting the sample 
with an antibody specifically immunoreactive with a 
Neospora antigen, thereby forming a antigen/antibody 

35 complex, and detecting the presence or absence of the 
complex. The antibody (e.g., a monoclonal antibody) may 
be immobilized on a solid surface and the complex 
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detected using a second labeled antibody. Typically, the 
biological sample is bovine fetal neurological tissue. 

The methods of the invention also include 
detecting the presence of Weospora- specific nucleic acids 
5 in a biological sample by contacting the sample with a 
oligonucleotide probe which specifically hybridizes with 
a target Weospora- specif ic polynucleotide sequence and 
detecting the presence or absence of hybridization 
complexes. The methods may further comprise amplifying 

10 the target Weospora- specific polynucleotide sequence. 

The invention further provides pharmaceutical 
composition comprising a pharmaceutically acceptable 
carrier and an immunogenically effective amount of a 
bovine Neospora antigen, such as a recombinantly produced 

15 bovine Neospora polypeptide. 

The pharmaceutical compositions are used in 
protecting a bovine animal from infection by bovine 
Neoapora. The compositions are preferably administered 
to a cow or heifer when the animal is breeding. The 

20 pharmaceutical composition is usually administered 
parenterally . 
Definitions 

"Antibody" refers to an immunoglobulin molecule 
able to bind to a specific epitope on an antigen. 

25 Antibodies can be a polyclonal mixture or monoclonal. 
Antibodies can be intact immunoglobulins derived from 
natural sources or from recombinant sources and can be 
immunoreactive portions of intact immunoglobulins. 
Antibodies may exist in a variety of forms including, for 

30 example, Pv, F^, and F(ab)2# as well as in single chains. 
Single-chain antibodies, in which genes for a heavy chain 
and a light chain are combined into a single coding 
sequence, may also be used. 

"Biological sample" refers to any sample 

35 obtained from a living or dead organism. Examples of 
biological samples include biological fluids and tissue 
specimens. Examples of tissue specimens include fetal 
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brain tissue, spinal cord, and placenta. Examples of 
biological fluids include blood, serum, plasma, urine, 
ascites fluid, cerebrospinal fluid and fetal fluid. 

A "biologically pure bovine Neospora culture" 
5 refers to a continuous in vitro culture of bovine 
Neospora organisms (e.g. tachyzoites) which is 
substantially free of othei^"ur§ahisms other than the host 
cells in whi chi^fls pora tachyao lt;es_are_grown. A culture 
is substantially free of other organisms if standard 
10 harvesting procedures (as described below) result in a 
preparation which comprises at least about 95%, 
preferably 99% or more of the organism, e.g., Neospora 

tachyzoites . 

"Bovine Neospora" refers to Neospora or 
15 "Weospora-like" protozoans identified in or isolated from 
bovine tissues and fluids. Typically, the protozoal 
parasites can be isolated from neurological tissue of 
aborted bovine fetuses or congenitally infected calves. 
Exemplary isolates have been deposited with the American 
20 Type Culture Collection, as described below. 

A bovine Neospora "protein" or "polypeptide" 
includes allelic variations normally found in the natural 
population and changes introduced by recombinant 
techniques. Those of skill recognize that proteins can 
25 be modified in a variety of ways including the addition, 
deletion and substitution of amino acids. 

"Nucleic acids" and "polynucleotides", as used 
herein, may be DNA or RNA. One of skill will recognize 
that for use in the expression of Neospora proteins or as 
30. diagnostic probes, polynucleotide sequences need not be 
identical and may be substantially identical to sequences 
disclosed here. In particular, where the inserted 
polynucleotide sequence is transcribed and translated to 
produce a fiinctional polypeptide, one .of skill will 
35 recognize that because of codon degeneracy a number of 
polynucleotide sequences will encode the same 
polypeptide. 
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"Percentage of sequence identity" for 
polynucleotides and polypeptides is determined by 
comparing two optimally aligned sequences over a 
comparison window, wherein the portion of the 
5 polynucleotide or polypeptide sequence in the comparison 
window may comprise additions or deletions (i.e., gaps) 
as compared to the reference sequence (which does not 
comprise additions or deletions) for optimal alignment of 
the two sequences. The percentage is calculated by 

10 determining the number of positions at which the 
identical nucleic acid base or amino acid residue occurs 
in both sequences to yield the number of matched 
positions, dividing the number of matched positions by 
the total number of positions in the window of comparison 

15 and multiplying the result by 100 to yield the percentage 
of sequence identity. Optimal alignment of sequences for 
comparison may be conducted by computerized 
implementations of known algorithms (GAP, BESTFIT, PASTA, 
and TFASTA in the Wisconsin Genetics Software Package, 

20 Genetics Computer Group (GCG) , 575 Science Dr., Madison, 
WI) , or by inspection. 

Substantial identity of polynucleotide 
sequences means that a polynucleotide comprises a 
sequence that has at least 75% sequence identity, 

25 preferably at least 80%, more preferably at least 90% and 
most preferably at least 95%, Typically, two 

polypeptides are considered to be substantially identical 
if at least 40%, preferably at least 60%, more preferably 
at least 90%, and most preferably at least 95% are 

30 identical or conservative substitutions. Sequences are 
preferably compared to a reference sequence using GAP 

using default parameters. 

Another indication that polynucleotide 
sequences are substantially identical is if two molecules 
35 hybridize to each other under stringent conditions. 
Stringent conditions are sequence dependent and will be 
different in . different circumstances. Generally, 
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Stringent conditions are selected to be about 5® C lower 
than the thermal melting point (Tm) for the specific 
sequence at a defined ionic strength and pH. The Tm is 
the temperature (under defined ionic strength and pH) at 
5 which 50% of the target sequence hybridizes to a 
perfectly matched probe. Typically stringent conditions 
for a Southern blot protocol involve washing at room 
temperature with a 5XSSC, 0.1% SDS wash. 

The phrase "selectively hybridizing to", refers 

10 to a hybridization between a probe and a target sequence 
in which the probe binds substantially only to the target 
sequence when the target is in a heterogeneous mixture of 
polynucleotides and other compounds. Such hybridization 
is determinative of the presence of the target sequence. 

15 Although the probe may bind other unrelated sequences, at 
least 90%, preferably 95% or more of the hybridization 
complexes formed are with the target sequence. 

The phrase "specifically immunoreactive with", 
when referring to a protein or peptide, refers to a 

20 binding reaction between the protein and an antibody 
which is determinative of the presence of the protein in 
the presence of a heterogeneous population of proteins 
and other compounds. Thus, under designated immunoassay 
conditions, the specified antibodies bind to a particular 

25 protein and do not bind in a significant amount to other 
proteins present in the sample. Specific binding to an 
antibody under such conditions may require an antibody 
that is selected for its specificity for a particular 
protein. A variety of immunoassay formats may be used to 

30 select antibodies specifically immunoreactive with a 
particular protein and are described in detail below. 

The phrase "substantially pure" or "isolated" 
when referring to a Neospora peptide or protein, means a 
chemical composition which is free of other subcellular 

35 components of the Neospora organism. Typically, a 
monomeric protein is substantially pure when at least 
about 85% or more of a sample exhibits a single 
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polypeptide backbone. Minor variants or chemical 
modifications may typically share the same polypeptide 
sequence. Depending on the purification procedure, 
purities of 85%, and preferably over 95% pure are 
5 possible. Protein purity or homogeneity may be indicated 
by a number of means well known in the art, such as 
polyacrylamide gel electrophoresis of a protein sample, 
followed by. visualizing a single polypeptide band on a 
polyacrylamide gel upon silver staining. For certain 
10 purposes high resolution will be needed and HPLC or a 
similar means for purification utilized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows indirect fluorescent antibody 
15 (IPA) titers of serial samples from four cows that 
aborted Neospora- infected fetuses. 

Figure 2 shows IFA test titers of serial 
samples from two cows that aborted Weospora- infected 
fetuses and subsequently delivered congenitally infected 
20 calves. 

Figure 3 shows seroconversion by heifers 
experimentally infected with Neospora . 

Figure 4 shows IFA test titers: comparing 
cattle with no evidence of infection to dams with 
25 l^eospora- infected fetuses or calves. 

Figure 5 shows the nucleotide sequence (SEQ ID 
No.:l) of DNA encoding nuclear small subunit ribosomal 
RNA isolated from the cultures of the invention. 

30 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides Neospora 
cultures isolated from cattle. The cultures are useful 
in a variety of applications including the production of 
nucleic acids or proteins for diagnostic assays and the 

35 preparation of immunogenic proteins for use in vaccine 
coTipositions . 
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Neospora tachyzoite cultures of the invention 
have been deposited with the American Type Culture 
Collection, Rockville, Maryland on March 17, 1994 and 

given Accession Numbers (BPAl) and (BPA6) . 

5 Thrnr, i.nTrlritf"i yTa^^or^Hi- a i ned from tissue 

homoqenates of brain and/or spinal cora: "o£ an iBorted 
bovine fetus and congenitally infected calves. 
Immunohistochemistry was used to identify the tachyzoite 
and/or cysts associated with lesions in the tissues of 
10 these fetuses and calves as Neospora parasites prior to 
isolation. Tachyzoite stages of the isolates were grown 
in stationary monolayer cultures of bovine fetal 
tirophoblasts, aortic endothelial cells and/or 
macrophages. Electron microscopic studies were used to 
15 characterize the ultrastructural features of the BPAl 
isolate. Antigenically, tachyzoites of 5 separate 
isolates react strongly with antisera to Neospora and 
show little or no reactivity with antisera to Toxoplasma 
gondii or Hanaaondia hammondi. Based on these 

20 ultrastructural and antigenic characteristics, these 
parasites can be distinguished from the most closely 
related and morphologically similar genera of protozoa. 
Toxoplasma, Haimondia and Sarcocystis. 

In addition, partial sequences (500-550 
25 base pairs) of the 5' end of the nuclear small subunit 
(nss)-rRNA gene for three of the bovine Neospora isolates 
(BPAl, BPA3 and BPA5) have been obtained and shown to be 
identical. The more complete 1.8 kilobase sequence of 
the nss-rRNA gene of the BPAl isolate was obtained and 
30 compared to the sequences for this, gene in other 
coccidial parasites. Alignment of these sequences with 
published sequences of Neospora caninum, Cryptosporidium 
parvum, Sarcocystis muris and Toxoplasma gondii showed 
that the bovine Neospora isolate is genotypically unique . 
35 As explained in detail below, the isolates are 

used to develop a variety of diagnostic assays as well as 
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pharmaceutical compositions for treatment and prevention 
of infection. 

PT-ppar-ation of Neosnora poly peptides and nucleic acids 
5 Standard protein purification techniques can be 

used to isolate proteins from the tachyzoites or 
bradyzoites derived from the cultures provided here. 
Such techniques include selective precipitation with such 
substances as ammonium sulfate, column chromatography, 

10 immunopurification methods, and the like. See, for 
instance, R. Scopes, Protein Purification: Principles and 
Practice, Springer-Verlag: New York (1982) . 

Using standard immunoblot techniques 11 
proteins with molecular weights of approximately 106, 

15 49.5, 48, 33, 32.5, 30, 28, 26, 19, 18 and 17 kilodaltons 
(kd) have been identified. All of these proteins are 
specifically recognized by antibodies from Neospora 
infected cattle. Standard protein purification methods 
can be used to purify these proteins and produce 

20 polyclonal or monoclonal antibodies for use in diagnostic 
methods described below. Two of these antigens 
(approximately 106 and 19 kd) have been shown to be 
useful in enzyme-linked immunoassays (ELISA) for the 
detection of Neospora- specific antibodies in infected 

25 cattle. 

Rather than extract the proteins directly from 
cultured tachyzoites, nucleic acids derived from the 
cultures can be used for recombinant expression of the 
proteins. In these methods, the nucleic acids encoding 

30 the proteins of interest are introduced into suitable 
host cells, followed by induction of the cells to produce 
large amounts of the protein. The invention relies on 
routine techniques in the field of recombinant genetics, 
well known to those of ordinary skill in the art. A 

35 basic text disclosing the general methods of use in this 
invention is Sambrook et al . , Molecular Cloning, A 
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Laboratory Manual, Cold Spring Harbor Publish., Cold 
Spring Harbor, NY 2nd ed. (1989) . 

Nucleic acids for use as diagnostic 
oligonucleotide probes or for the recombinant expression 
5 of proteins can be isolated using a number of techniques. 
For instance, portions of proteins isolated from the 
,cultures discussed above can be sequenced and used to 
design degenerate oligonucleotide probes to screen a cDNA 
library. Amino acid sequencing is performed and 

10 oligonucleotide probes are synthesized according to 
standard techniques as described, for instance, in 
Sambrook et aJ,, supra. Alternatively, oligonucleotide 
probes useful for identification of desired genes can 
also be prepared from conserved regions of related genes 

15 in other species. 

Alternatively, polymerase chain reaction 
technology (PGR) can be used to amplify nucleic acid 
sequences of the desired gene directly from mRNA, from 
cDNA, from genomic libraries or cDNA libraries. 

20 Polymerase chain reaction (PGR) or other in vitro 
amplification methods may also be useful, for example, to 
clone nucleic acid sequences that code for proteins to be 
expressed, to make nucleic acids to use as probes for 
detecting the presence of the mRNA in physiological 

25 samples, for nucleic acid sequencing, or for other 
purposes. For a general oveorview of PGR see PCR 
Protocols: A Guide to Methods and Applications. (Innis, 
M, Gelfand, D., Sninsky, J. and White, T., eds.). 
Academic Press, San Diego (1990) • 

30 Standard transfection methods are used to 

produce prokaryotic, mammalian, yeast or insect cell 
lines which express large quantities of the desired 
polypeptide, which is then purified using standard 
techniques. See, e.g-., Colley et al., J. Biol. Chem. 

35 264:17619-17622, 1989; and Guide to Protein Purification, 
supra . 
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The nucleotide sequences used to transfect the 
host cells can be modified to yield Neospora polypeptides 
with a variety of desired properties. For example, the 
polypeptides can vary from the naturally-occurring 
5 sequence at the primary structure level by amino acid, _ 
insertions, substitutions, deletions, and the like. 
These modifications can be used in a number of 
combinations to produce the final modified protein chain. 

The amino acid sequence variants can be 
10 prepared with various objectives in mind, including 
facilitating purification and preparation of the 
recombinant polypeptide. The modified polypeptides are 
also useful for modifying plasma half life, improving 
therapeutic efficacy, and lessening the severity or 
15 occurrence of side effects during therapeutic use. The 
amino acid sequence variants are usually predetermined 
variants not found in nature but exhibit the same 
immunogenic activity as naturally occurring protein. In 
general, modifications of the sequences encoding the 
20 polypeptides may be readily accomplished by a variety of 
well-knovm techniques, such as site-directed mutagenesis 
(see, Gillman and Smith, Gene 8:81-97, 1979) aiid Roberts, 
S et al.. Nature 328:731-734. 1987). one of ordinary 
skill will appreciate that the effect of many mutations 
25 is difficult to predict. Thus, most modifications are 
evaluated by routine screening in a suitable assay for 
the desired characteristic. For instance, the effect of 
various modifications on the ability of the polypeptide 
to elicit a protective immune response can be easily 
30 determined using in vitro assays. For instance, the 
polypeptides can be tested for their ability to induce 
lymphoproliferation. T cell cytotoxicity, or cytokine 
production using standard techniques. 

The particular procedure used to introduce the 
35 genetic material into the host cell for expression of the 
polypeptide is not particularly critical. Any of the 
well known procedures for introducing foreign nucleotide 
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sequences into host cells may be used. These include the 
use of calcium phosphate transf ection, spheroplasts, 
electroporation, liposomes, microinjection, plasmid 
vectors, viral vectors and any of the other well known 
methods for introducing cloned genomic DNA, cDNA, 
synthetic DNA or other foreign genetic material into a 
host cell (see Sambrook et al., supra). It is only 
necessary that the particular procedure . utilized be 
capable of successfully introducing at least one gene 
into the host cell which is capable of expressing the 
gene . 

Any of a number of well known cells and cell 
lines can be used to express the polypeptides of the 
invention. For instance, prokaryotic cells such as E. 
15 coli can be used. Eukaryotic cells include, yeast, 
Chinese hamster ovary (CHO) cells, COS cells, and insect 
cells. 

The particular vector used to transport the 
genetic information into the cell is also not 
particularly critical. Any of the conventional vectors 
used for expression of recombinant proteins in 
prokaryotic and eukaryotic cells may be used. Expression 
vectors for mammalian cells typically contain regulatory 
elements from eukaryotic viruses. 
25 The expression vector typically contains a 

transcription vinit or expression cassette that contains 
all the elements required for the expression of the 
polypeptide DNA in the host cells. A typical expression 
cassette contains a promoter operably linked to the DNA 
30 sequence encoding a polypeptide and signals required for 
efficient polyadenylation of the transcript. The term 
"operably linked" as used herein refers to linkage of a 
promoter upstream from a DNA sequence such that the 
promoter mediates transcription of the DNA sequence. The 
35 promoter is preferably positioned about the same distance 
from the heterologous transcription start site as it is 
from the transcription start site in its natural setting. 



20 
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As is known in the art, however, some variation in this 
distance can be accommodated without loss of promoter 
function. 

Following the growth of the recombinant cells 
5 and expression of the polypeptide, the culture medium is 
harvested for purification of the secreted protein. The 
media are typically clarified by centrifugation or 
filtration to remove cells and cell debris and the 
proteins are concentrated by adsorption to any suitable 

10 resin or by use of ammonium sulfate fractionation, 
polyethylene glycol precipitation, or by ultrafiltration. 
Other routine means known in the art may be equally 
suitable. Purther purification of the polypeptide can be 
accomplished by standard techniques, for example, 

15 affinity chromatography, ion .exchange chromatography, 
sizing chromatography, Hisg tagging and Ni-agarose 
chromatography (as described in Dobeli et al . Mol. and 
Blochem. Parasit. 41:259-268 (1990)), or other protein 
purification techniques to obtain homogeneity. The 

20 purified proteins are then used to produce pharmaceutical 
compositions, as described below. 

An alternative method of preparing recombinant 
polypeptides useful as vaccines involves the use of 
• recombinant viruses (e.g., vaccinia). Vaccinia virus is 

25 grown in suitable cultured mammalian cells such as the 
HeLA S3 spinner cells, as described by Mackett, Smith and 
Moss, "The construction and characterization of Vaccinia 
Virus Recoinbinants Expressing Foreign Genes'' in "DjNB 
cloning Vol. II. A practical approach'', Ed. D.M. Glover, 

30 IRL Press, Oxford, pp 191-211. 
Antibodv Production 

The isolated proteins or cultures of the 
present invention can be used to produce antibodies 
specifically reactive with Neospora antigens. If 
35 isolated proteins are used, they may be recombinant ly 
produced or isolated from Neospora cultures. Synthetic 
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peptides made using the protein sequences may also be 

used. J* • 

Methods of production of polyclonal antibodies 

are known to those of skill in the art. In brief, an 
5 immunogen, preferably a purified protein, is nixed with 
an adjuvant and animals are immunized. When appropriately 
high titers of antibody to the immunogen are obtained, 
blood is collected from the animal and antisera is 
prepared. Further fractionation of the antisera to 
10 enrich for antibodies reactive to Neospora proteins can 
be done if desired. (See Harlow and Lane, Antibodies: A 
Laboratory Manual, Cold Spring Harbor Pubs., N.Y. 

Polyclonal antisera to the BPAl and BPA3 
15 isolates have been produced and evaluated. The 
polyclonal antisera are used to identify and characterize 
Neospora tachyzoite and bradyzoite stages in the tissues 
of infected animals using, for instance, 

test procedures described in Anderson et al. JAVMA 
20 198:241 (1991) and Barr et al. Vet. Pathol. 28:110- 
116(1991). ^ 

Monoclonal antibodies may be obtained by 
various techniques familiar to those skilled in the art. 
Briefly, spleen cells from an animal immunized with a 
25 desired antigen are immortalized, commonly by fusion with 
a myeloma cell (See, Kohler and Milstein, Bur. J. 
Immunol. 6:511-519 (1976)). Alternative methods of 
iramortalization include transformation with Epstein Barr 
Virus, oncogenes, or retroviruses, or other methods well 
30 known in the art. Colonies arising from single 
i^nortalized cells are screened for P-duction of 
antibodies of the desired specificity and -"^^^^^^^ 
the antigen, and yield of the monoclonal antibodies 
produced by such cells may be enhanced by various 
35 techniques, including injection into the peritoneal 
cavity of a vertebrate host. 
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For instance, the BPAl isolate has been used to 
immunize mice to obtain sensitized B cells for hybridoma 
. production. Using these cells, monoclonal antibodxes to 
the 48 kd and 70 kd Weospora proteins have been obtained. 
5 The monoclonal antibodies produced are used, for 
instance, in ELISA diagnostic tests, immunohistochemxcal 
tests, for the in vitro evaluation of parasite invasion, 
to select candidate antigens for vaccine development, 
protein isolation, and for screening genomic and cDNA 
10 libraries to select appropriate gene sequences. 

n-ia qnnsis MeognP >-a -infections 

The present invention also provides methods for 
detecting the presence or absence of Neospora in a 
biological sample. For instance, antibodies specifically 
15 reactive with Neospora can be detected using either 
proteins or the isolates described here. The proteins 
and isolates can also be used to raise specific 
antibodies (either monoclonal or polyclonal) to detect 
the antigen in a sample. In addition, the nucleic acids 
20 disclosed and claimed here can be used to detect 
Weospora- specific sequences using standard hybridization 
techniques. Each of these assays is described below. 
A. Jmmunoa ssavs 

For a review of immunological and immunoassay 
25 procedures in general, see Basic and Clinical Immunology 
7th Edition (D. Stites and A. Terr ed.) 1991. The 
immunoassays of the present invention can be performed in 
any of several configurations, which are reviewed 
extensively in Enzyme Immunoassay, E.T. Maggio, ed., CRC 
press, Boca Raton. Florida (1980) ; -Practice and Theory 
of Enzyme Immunoassays." P. Tijssen, Laboratory 
Techniques in Biochemistry and Molecular Biology, 
Elsevier Science Publishers B.V. Amsterdam (1985). For 
instance, the proteins and antibodies disclosed here are 
conveniently used in ELISA, immunoblot analysis and 
agglutination assays. Particularly preferred assay 



30 



35 



PCTA)S95/03174 

WO 95/25541 

16 

tom«ts include the indirect fluorescent antibody assay 
3s described - ^^^^^^^ _ure anti-»eospora 

.^tibodies or antigens can be ll^^^::^::ZlZ 
S noncon^titive binding assays. ^;<=;*^"^,,.„,„,^„ 
assays, the sample analyte ^e.g-. 
"uLies) competes with a labeled analyte e^^ ant. 
Tospora monoclonal antibody, for specific ^"^"^ 

. =«*.nt (e Q isolated Neospora protein) 
on a capture agent te-sr-. " «f labeled 

MA enr-faee The concentration of laoexea 
10 bound to a solid surface. Tn inversely 
analyte bound to the capture agent i . 
anaiyte analyte present in the 

proportional to the amount of free anaiyce p 

sample. <-imieallv sandwich 

Noncompetitive assays are typically s 

T =r,=ivte is bound between two 
15 assays, in which the sample analyte iS^ 

analyte-specific binding reagents. °* , ^^..^ 

agents is used as a «P---« : tt^.^d and is 

^^^v^^ar-e The second binding ageni: * 

:::d t: 'measure or detect the resultant con^lex by v.sual 

,0 or conO^inations of capture agent and 

K« «Bod For instance, an 
labelled binding agent can ^^^ ^ J ^^^^ ^l,e 
isolated Neospora protein or culture can b 

and labelled ant i -bovine antio« 
capture agent and la antibodies can 

specific for the constant region or 
/e used as the labelled ^^^^^^ 

other non-bovine -^^-7;^^;":^,) a^^^^^^^^ in 
globulin constant regions ^^9- J ^) antibodies can 

the art . ^t^^' ^^^^^^ labelled . 

be the capture agent and the antig ^^^^^^^g the 

various components of the assay, in ^ 

M«.n anti-Neospora antibody, or anti-bovine antibody, 
antigen, anti Neosp ^^^^ ^^^^^^^^ ^^^^ 

be bound to a solid ^^^^ surfaces 

--^'''^"^ ""^^'l^ ^ solid surface 

are known ^ ^^^^^^ /°"^,,,,,,ii,iose) , a microtiter 
may be a membrane (e.g.. nitr desired 
dish (e.g.. PVC or polystyrene) or a bead. 
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component may be covalently bound or noiicovalently 
attached through nonspecific bonding. 

Alternatively, the immunoassay may be carried 
out in liquid phase and a variety of separation methods 
5 may be employed to separate the bound labeled component 
from the unbound labelled components. These methods are 
known to those of skill in the art and include 
immunoprecipitation, column chromatography, adsorption, 
addition of magnetizable particles coated with a binding 
10 agent and other similar procedures. 

An immunoassay may also be carried out in 
liquid phase without a separation procedure. Various 
homogeneous immunoassay methods are now being applied to 
immunoassays for protein analytes. In these methods, the 
15 binding of the binding agent to the analyte causes a 
change in the signal emitted by the label, so that 
binding may be measured without separating the bound from 
the unbound labelled component. 

Western blot (immunoblot) analysis can also be 
20 used to detect the presence of antibodies to Neospora in 
the sample. This technique is a reliable method for 
confirming the presence of antibodies against a 
particular protein in the sample. The technique 
generally comprises separating proteins by gel 
25 electrophoresis on the basis of molecular weight, 
transferring the separated proteins to a suitable solid 
support, (such as a nitrocellulose filter, a nylon 
filter, or derivatized nylon filter) , and incubating the 
sample with the separated proteins. This causes specific 
30 target antibodies present in the sample to bind their 
respective proteins. Target antibodies are then detected 
using labeled ant i- bovine antibodies. 

The immunoassay formats described above employ 
labelled assay components. The label can be in a variety 
35 of forms. The label may be coupled directly or 
indirectly to the desired component of the assay 
according to methods well known in the art. A wide 
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variety of labels may be used. The component may be 
labelled, by any one of several methods. Traditionally a 
radioactive label incorporating 'H, "S, "C, or "P 

was used. Non- radioactive labels include ligands which 
5 bind to labelled antibodies, f luorophores , 
chemiluminescent agents, enzymes, and antibodies which 
can serve as specific binding pair members for a labelled 
ligand. The choice of label depends on sensitivity 
required, ease of conjugation with the compound, 
10 stability requirements, and available instrumentation. 

Enzymes of interest as labels will primarily be 
hydrolases, particularly phosphatases, esterases and 
glycosidases, or oxidoreductases . particularly 
peroxidases. Fluorescent compounds include fluorescein 
and its derivatives, rhodamine and its derivatives, 
dansyl, umbel 1 if erone. etc. Chemiluminescent compounds 
include lucif erin, and 2. 3-dihydrophthalazinediones, 
e.g.. luminol. For a review of various labelling or 
signal producing systems which may be used, see U.S. 
Patent No. 4,391,904, which is incorporated herein by 
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Non-radioactive labels are often attached by 
indirect means. Generally, a ligand molecule (e.g.. 
biotin) is covalently bound to the molecule. The ligand 
then binds to an anti-ligand (e.g., streptavidin) 
molecule which is either inherently detectable or 
covalently bound to a signal system, such as a detectable 
enzyme, a fluorescent compound, or a chemiluminescent 
compound. A number of ligands and anti-ligands can be 
used. Where a ligand has a natural . anti-ligand. for 
example, biotin. thyroxine, and Cortisol, it can be used 
in conjunction with the labelled, naturally occurring 
anti-ligands. Alternatively, any haptenic or antigenic 
compound can be used in combination with an antibody. 

Some assay formats do not require the use of 
labelled components. For instance, agglutination assays 
can be used to detect the presence of the target 
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antibodies. In this case, antigen- coated particles are 
agglutinated by samples comprising the target antibodies. 
In this format, none of the components need be labelled 
and the presence of the target antibody is detected by 
5 simple visual inspection. 

B. petection of Neospora nucleic acids 

As noted above, this invention also embraces 
methods for detecting the presence of Neospora DNA or RNA 
in biological samples. These sequences can be used to 

10 detect all stages of the Neospora life cycle (e.g., 
tachyzoites, bradyzoites, and oocysts) in biological 
samples from both the bovine host and the definitive 
host. A variety of methods of specific DNA and RNA 
measurement using nucleic acid hybridization techniques 

15 are known to those of skill in the art. See Sambrook et 
al . / supra • 

One method for determining the presence or 
absence of Neospora DNA in a sample involves a Southern 
transfer. Briefly, the digested DNA is run on agarose 

20 slab gels in buffer and transferred to membranes. In a 
similar manner, a Northern transfer may be used for the 
detection of. Neospora mRNA . in samples of RNA. 
Hybridization is carried out using labelled 
oligonucleotide probes which specifically hybridize to 

25 Neospora nucleic acids. Labels used for this purpose are 
generally as described for immunoassays. Visualization 
of the hybridized portions allows the qualitative 
determination of the presence or absence of Neospora 



30 A variety of other nucleic acid hybridization 

formats are known to those skilled in the art. For 
example, common formats include sandwich assays and 
competition or displacement assays. Hybridization 
techniques are generally described in ''Nucleic Acid 

35 Hybridization, A Practical Approach,'' Ed. Hades, B.D. and 
Higgins, S.J., IRL Press, 1985; Gall and Pardue (1969), 
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Proc. Natl. Acad. Sci.. U.S.A., 63:378-383; and John, 
Burnsteil and Jones (1969) Nature, 223:582-587. 

Sandwich assays are commercially useful 
hybridization assays for detecting or isolating nucleic 
acid sequences. Such assays utilize a "capture" nucleic 
acid covalently immobilized to a solid support and 
labelled "signal" nucleic acid in solution. The 
biological sample will provide the target nucleic acid. 
The "capture" nucleic acid and "signal" nucleic acid 
probe hybridize with the target nucleic acid to form a 
"sandwich" hybridization complex. To be effective, the 
signal nucleic acid cannot hybridize with the capture 

nucleic acid. 

The sensitivity of the hybridization assays may 

15 be enhanced through use of a nucleic acid amplification 
system which multiplies the target nucleic acid being 
detected. Examples of such systems include the 
polymerase chain reaction (PGR) system and the ligase 
chain reaction (LCR) system. Other methods recently 

20 described in the art are the nucleic acid sequence based 
amplification (NASBA", Cangene. Mississauga, Ontario) and 

Q Beta Replicase systems. 

An alternative means for detecting Neospora 
nucleic acids is in situ hybridization. In situ 

25 hybridization assays are well known and are generally 
described in Angerer, et al.. Methods Enzymol., 152:649- 
660 (1987) . In situ hybridization assays use cells or 
tissue fixed to a solid support, typically a glass slide. 
If DNA is to be probed, the cells are denatured with heat 

30 or alkali. The cells are then contacted with a 
hybridization solution at a moderate temperature to 
permit annealing of labelled Weospora specific probes. 
The probes are preferably labelled with radioisotopes or 

fluorescent reporters. 

Exemplary nucleic acid sequences for use in the 
assays described above include sequences from the nss- 
rRNA sequences disclosed here. For instance, the primer 
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■ and probe sequences disclosed in Example 4 can be used to 
amplify and identify nucleic acids of bovine Neospora in 
blood, cerebrospinal fluid and fetal fluids, as well as 
in frozen or formalin-fixed tissue. These primers are 
5 particularly useful for the diagnosis of neosporosis and 
identification of the source of Neospora parasite stages 
(tachyzoites, bradyzoites and oocysts) in various animal 
hosts • 

A pharmaceutical composition prepared using 
anti-Neospora monoclonal antibodies or fragments thereof 
as well as Weospora proteins or their immunogenic 
equivalents can be used in a variety of pharmaceutical 
preparations for the treatment and/or prevention of 

15 Neospora infections. 

The pharmaceutical compositions are typically 
used to vaccinate cattle, sheep, goats and other animals 
infected by Neospora, The compositions of the invention 
can also be used to treat the definitive host to prevent 
20 the shedding of oocysts and subsequent transfer to 
cattle. The compositions for administration to either 
cattle -or the definitive host can comprise tachyzoite 

and/or bradyzoite antigens. 

An attenuated Neospora vaccine can only be used 
in the absence of a risk of human infection should the 
milk or tissues of immunized animals be consumed. Thus, 
preferred vaccines are subunit vaccines that elicit 
antibody and cell-mediated immunity (CMI) to antigens of 
bovine Neospora. Experimental evidence indicates that 
CMI is an important component of the protective immune 
response in cattle. A variety of methods for evaluating 
the specificity of the helper and cytotoxic T cell 
response to selected antigens in vitro can be used. In 
addition, as demonstrated below, cows infected using 
35 culture-derived tachyzoites mount a protective immune 
response and prevent transplacental infection of the 

fetus . 
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The vaccines of the invention are typically 

administered orally or P-^^"^^^' J^^'^^^ 
intramuscularly or subcutaneously . For P--^^-^ 
administration, the antigen may be con^xned wxth a 

r.r,-r pxamnle it may be administered m 
c; ftuitable carrier. For example, av- 

Z^.T. saline ox buffered vehicles with or wxthcut 
::rio;s adjuvant, or i„oaulating agents such « 
aluminun, hydroxide. aluminum phosphate alurnxnum 

tr ren;-ririor"ti-i"re; 

" rrsL/rr;.! :r :pt.de. bacterial endoto=cin. lipid 
Bordetelll pertussis, and the liKe. Such adjuvants are 
Ih e cLercially fron, various sources, for example. 
Zlc^ Adjuvant 6 .MercK and Con^any. • "^^^^^^ 
15 Other suitable adjuvants are HPL^TDM 

imiunochem Research Inc. = ""^^^nd 
stimulants include interleu.in ^ • J^/^^J^^^'J 
T nt erf eron- gamma. Tnese pt^wcj.* 

the vaccine or their corresponding genetic sequence 
/dod as a functional operon with a reconO^inant 
20 provided as a rune . The proportion of 

vaccine system such as vaccinia virus . The Pr p 
antigen and adjuvant, can be varied over a- broad range 

long as both are present in effective amounts. 

vaccine compositions of the invention are 
administered to a cattle, sheep, or goats susceptible to 
^rotht^Tse at risK of infection to elicit an immune 
or ^^^i and thus enhance the 

response against the antige guch an 

-"t is Tfinr:: rr^-^-ty effective 
30 ■ xttrs use. the precise amounts depend on the 

30 amount. ^escribing veterinarian and would 

irircon'dettirofthe Vient.s state of health 

:!:ght. the ^e ^-^■>^----;''\rrp«-a:-: 

J like Generally, on a pet 

formulation, and the liice. jr 
v.««is the concentration of the Weospora antigen can 
frtr about 1 .g to about 100 mg per bovine host, 
range from about i /xg ^referable range is from 

For administration to cattle, a preteraoi 
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about 100 /ig to about 1 mg per unit dose. A suitable 
dose size is about 1-10 ml, preferably about 1.0 ml. 
Accordingly, a typical dose for subcutaneous injection, 
for example, would comprise 1 to 2 ml containing 0.1 to 
5 10 mg of antigen. 

A variety of vaccination regimens may be 
effective in immunizing cattle and other animals. 
Preferably, female cattle (heifers and cows) are 
vaccinated just prior to or at the time of breeding so as 

10 to prevent abortion and reduce the possibility of 
congenital infections. A second immunization will be 
given 2-4 weeks after initial immunization. Calves and 
adult males may also be vaccinated, if desired. Animals 
that have been previously exposed to Neospora or have 

15 received colostral antibodies from the mother may require 
booster injections. The booster injection is preferably 
timed to coincide with times of maximal challenge and/or 
risk of abortion. Different immunization regimes may be 
adopted depending on the judgement of the veterinarian. 

20 ^ Vaccines of the invention may compri se a 

prude extract of Neospora tac hyzoites, bradyzoites or 
other stages. Chemically fixed parasites or cells can 
also be used. As noted above, preferred vaccines 
comprise partially or completely purified Neospora 

25 protein preparations. The antigen produced by 

recombinant DNA technology is preferred because it is 
more economical than the other sources and is more 
readily purified in large quantities. 

In addition to use in recombinant expression 

30 systems, the isolated Neospora gene sequences can also be 
used to transform viruses that transfect host cells in 
animals. Live attenuated viruses, such as vaccinia or 
adenovirus, are convenient alternatives for vaccines 
because they are inexpensive to produce and are easily 

35 transported and administered* 

Suitable viruses for use in the present 
invention include, but are not limited to, pox viruses. 
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such as capripox and cowpox viruses, and vaccinia 
viruses, alpha viruses, adenoviruses, and other animal 
viruses. The recombinant viruses can be produced by 
methods well known in the art, for example, using 
homologous recombination or ligating two plasmids. A 
recombinant canarypox or cowpox virus can be made, for 
example, by inserting the DNA's encoding the NeJspora 
protein or fragments thereof into plasmids so that they 
are flanked by viral sequences on both sides. The DNA's 
encoding Neospora polypeptides are then inserted into the 
virus genome through homologous recombination. 

Preferentially, a viral vaccine using 
recombinant vaccinia virus is used. A vaccine prepared 
utilizing the gene encoding the Neospora protein 
incorporated into vaccinia virus would comprise stocks of 
recombinant virus where the gene encoding the Neospora 
protein is integrated into the genome of the virus in a 
form suitable for expression of the gene. 



EXAMPLES 
Example 3 

This example describes the isolation and in 
vitro cultivation of Neospora from aborted bovine 
25 fetuses. The isolation of these 2 cultures (BPAl and 
BPA2) is described in Conrad et ai. Parasitol. 106:239- 
249 (1993). Additional cultures {BPA3-6) were also 
isolated using the same technique, except that 1 ml 
(instead of 2 ml) of brain or spinal cord homogenate was 
trypsinized and then incubated for 2-4 hours, rather than 
overnight, on the cell monolayer. In addition, the 
bovine aortic endothelial cell line (CPAE: American 
Tissue Culture Collection #CCL209) was found to be the 
best cell monolayer for the cultivation of bovine 
Neospora. One of these cultures (BPA6) has been shown to 
induce bradyzoite cysts in mice. 
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MATERIALS AND METHODS 

Pathological examination and iramunohistochemistry of 

fetal tissues 

Aborted bovine fetuses submitted to the 

5 California Veterinary Diagnostic Laboratory System were 
necropsied using standard techniques. The brains from 
fetuses suspected of having protozoal infections were 
removed aseptically from the cranium. One half of the 
brain was placed in sterile saline (0-85% w/v) containing 
10 1000 U/ml penicillin G and 100 ng/ml streptomycin 
(antibiotic saline) and stored at 4 until a diagnosis 
of protozoal infection was confirmed, at which time the 
brain could be processed for in vitro cultivation. 
Multiple tissues, including portions of the brain, liver, 
15 kidney, heart, lung, spleen, gastrointestinal tract, 
skeletal muscle, adrenal, trachea and thymus, were 
collected from each fetus and fixed in 10% neutral 
buffered formalin for 24 h. Fixed tissues were trimmed, 
embedded in paraffin, sectioned, stained with hematoxylin 
20 and eosin, and examined by light microscopy for the 
presence of lesions and parasites, as previously 
described (Barr et al. 1990 Vet. Pathol. 27:354-61). 

Fetuses with multifocal microgliosis and/or 
necrosis in the brain, suggesting protozoal infection, 
25 were further examined by immunohistochemistry for the 
presence of parasites in brain tissue sections using an 
avidin-biotin peroxidase complex procedure (Vector 
Laboratories, Burlingame, CA, USA) with anti-rabbit serum 
to detect tissue-binding of rabbit polyclonal anti-N. 
30 caninun. serum. The immunoperoxidase method employed was 
basically as described previously (Barr et al. 1991 J. 
vet Diag, Invest. 3:39-46) except that tissue sections 
were processed using a microprobe system (FisherBiotech, 
Pittsburgh, PA, USA) and Probe-On glass slides 
35 (FisherBiotech). Aminoethylcarbazole (A.E.C. Substrate 
system, Dako, Santa Barbara, CA, USA) was the chromogen. 
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Parasites in the tissue sections of brains from 
the 66th and 93rd fetus (hereafter referred to as fetus 
66 and 93) were further characterized by the same 
immunohistochemical procedure to test their reactivity 
with antisera to additional apicomplexan protozoal 
parasites. Tissue sections were incubated at room 
temperature for 1 h with optimal dilutions of the 
following antisera: 1:1000 dilution of antiserum to N. 
caninvm tachyzoites (Lindsay & Dubey, 1989 Am. J. Vet. 
J?es. 50:1981-3), 1:50 dilution of antiserum to Haimondia 
haimondx tissue cysts and 4 different antisera to T. 
gondii (Tgl-4) . Antiserum Tgl was produced by the 
infection of a rabbit with live sporulated oocysts of the 
ME-49 strain (Lindsay & Dubey, supra) of T. gondii and 
used at a 1:400 dilution. Toxoplasma gondii antiserum 
Tg2 (Dr J. C. Boothroyd, Stanford University) was 
produced by immunization of a rabbit with a tachyzoite 
lysate of the RH strain of T. gondii and was used at a 
dilution of 1:300. Antisera Tg3 (BioGenex Laboratories, 
Dublin, CA, USA) and Tg4 (I.C.N. Immunobiologicals , 
Lisle, IL, USA) were developed by immunizing rabbits with 
tachyzoites of the RH and H44 strains, respectively. 
Antiserum Tg3 was applied as supplied by the manufacturer 
arid Tg4 was used at a 1:80 dilution. The optimal 
25 dilution chosen for each antiserum produced a strongly 
positive reaction against the respective positive control 
parasite with no appreciable non-specific, background 
staining. Control tissues consisted of paraffin-embedded 
sections of murine brain with N. caninum tachyzoites, 
murine brain with T. gondii cysts, murine spleen with T. 
gondii tachyzoites, murine skeletal muscle with H. 
hammondi cysts and bovine tongue with Sarcocystis cruzi 
cysts (Barr et al. 1991 Vet. Path. 28:110-116). 

Parasite cultures 

Stationary monolayer cultures of bovine 
cardiopulmonary aortic endothelial cells (CPAE: ATCC 
#CCL209) and M617 bovine macrophages (Speer et al. 1985 
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^ Tmmnn 50-566-71) wcrc maintained in 
Ijifecc. an Essential Medium {DMEMiGIBCO 

Dulbecco' s Minimum Essential neux 

Laboratories, Grand Island. NY. USA) ^^PP^^™^"^^^ J"^^ 
10% (v/v) heat-inactivated fetal bovine ser^m (FBS) or 
5 heat-inactivated adult equine serum (HS) . 2 mM 
L-glutamine, 50 U/ml penicillin and 50 ^g/ml streptomycin 
(DMEM-FBS or DMEM-HS) . Bovine fetal trophoblast cells 
87-3) were grown is previously described by Munson et 
^^sas Tissue cult. Met.o.s ^^^^'^^^^^ 

10 supplemented with 10% (v/v) FBS, 5 .g/ml t"-ferrin^ 5 
,g%i insulin, 5 ng/ml selenium, 10 ng/ml epx^^^^^ 
growth factor, 100 MS/ml streptomycin, ^^0 jM. 
penicillin and 0.25 .g/.i amphotericin B (^^^-^^S*) 
control cultures of T. gondii (RH strain ^-o.^^^^^Y Dr 
15 J. Boothroyd) and N. caninum (NCl; Dubey et al 1988 J A. 
vet Med ASSOC 193:1259-1263) were maintained in the CPAE 
vec «ie« ^„itures Parasite- infected and 

and M617 monolayer cultures. «-r -75 

uninfected monolayer cultures were maintained in 25 or 75 
uninreci. ^ Culture medium 

cm* flasks incubated at 37 c wicn s-* 2 
20 was Changed 3 times weeKly. Establishea parasite 
cultures were passaged to uninfected monolayers when 
,0-90* of cells were infected. Tc passage parasites, the 
infected .nonolayer was removed from the f lasH ^ scraping 
into the media and passed 3 times through a 25-gauge 
25 needle to disrupt the cells. The cell suspension was 
then diluted from 1 = 2 to 1 = 8 in fresh complete media and 
added to a confluent, uninfected nonolayer. 

After protozoal infection was confirmed by 
histology, fetal brain tissue that was stored at 4 'C for 
30 rr^i^ie period of time - 

processed for in vi.ro ^ _ 3een 

isolates were obtainea an viww, 

in tissue sections of bovine fetal ''f""; "^J^^ 
fetal brain in approximately 25 ml of antibiotic saline 
fetal ^^""J^ : „,tle and mortar and filtered through 
" ZrXZT Of 2 ml of brain homogenate were 

Tllced in XO ml of 0.05* (v/v> trypsin and incubated at 
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37 »C for 1 h. After trypsin digestion, the material was 
pelleted by centrifugation at 600 g . f or 10 min. The 
supernatant was discarded and the pellet was resuspended 
in 1-3 ml of either DMEM-HS or DMEM-FBS. Brain from 
5 fetus 66 was prepared for culture 48 h after submission 
and 1 ml of trypsinized brain suspension was dispensed 
into a 25 cm= flask of bovine 87-3 trophoblast cells. 
Brain from fetus 93 was processed 10 days after 
submission when half of the trypsinized brain was placed 
10 in a 25 cm' flask of 87-3 trophoblast cells and the 
remainder in a 75 cm^ flask of endothelial cells. After 
incubation overnight, the brain suspension from both 
fetuses was removed from the flask and the monolayers 
were washed 3 times with the appropriate media before 
adding 5-10 ml of fresh media. Cultures were maintained 
as described above and examined with an inverted 
microscope for the presence of parasites. 
Immunohistochemistry of tachyzoites in vitro 

Antigenic reactivity of the two in vitro 
isolates from aborted bovine fetuses was compared to that 
of tachyzoites from control cultures of T. gondii and N. 
caninum. Tachyzoites of each isolate were harvested 
during logarithmic growth by scraping the infected CPAE 
monolayer from a 25 cm' tissue culture flask. Monolayer 
cells were disrupted by repeated passage through a 
25-gauge needle. The suspension was passed through a 5 
Attn filter to remove cellular debris and pelleted by 
centrifugation at 1500 g for 10 min. After removing the 
supernatant fraction, the pelleted tachyzoites of each 
30 isolate were resuspended in DMEM-HS and inoculated into 
each of the wells on two 4 -chambered tissue culture 
slides (Lab-Tek, Nunc, Naperville, IL, USA) . Each of the 
4 chambers on these slides were seeded 24-48 h prior to 
parasite inoculation with CPAE cells so that the 
35 monolayers were 60-80% confluent at the time of 
infection. The appropriate slides were inoculated with 
the slower growing bovine fetal isolates first to allow 
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to arow for 48 h. whereas the isolates of 
the parasites to grow twj. t-^^^ ^^.v 24 

r gondii and N. caninun. were cultivated on slxdes f or 24 
r. gondaa an ^^^.-gged for immunohistochemxcal 

. h before bexng processea 

evaluation. parasite cultures for 

c To prepare the paras, x 

i-.unohistoche.istry. culture -P^^"-" 7" 

with ^nolayers remaining adherent to glass sl^d 

These suaes »ere fixed in Ltshed 

a„a allowed t ir ^--^^^^^^^^^ ....„e 

pHoifde in\»thanol. washed again 3 times for 5 m.n each 
peroxiae * serum to 

in PBS and incubated for 30 ""^^^^^Z _ 
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^„ — antibody binding sites. Each sliae 

block -^-^P^^^'^^^^'^'^Y ^ 3 wells containing 

«as then incubated ^.^i^g as a 

different primary antiserum and 1 weii b a 
different p ^ p^e-inf action rabbit serum. The 

negative control witn ^ f ^oi^cted to produce a 

^- -i »r,t-isera dilutions were selectea to 
rtrl^ly Positive reaction against the homologous 
X«-derivea antigen with no t///;:; 
hacground staining. - -J-^.^^r rT Z^L 
staining P«"^\"^ " ^3. ...000 for Tg4 
1: 800 for Tgl, 1:40 for Tg2, i.i » , times for 
i.SO for H. ha^ondi. Slides -"^""^^^^^^^ Ld 
1- Dt»<; and the secondary antiowjr 
25 5 min each in PBS ana i- , _ 



S min each .n ™- 

coniugate were applied as aescri«e „=„„=iiv 
rctions except that the slides were processed manually 
and the chromogen was applied for only 2 min. 



30 RESULTS 



35 



"^'^ The first parasite isolate (BP.i, ^^^'^ 

.rom fetus which was -t^^d « ^ ^:Z°^:^:^r.l 
^«hs gestational .e ^ -/---J.^....^, ,ross 
condition at the time ^ „icardial petechias . 

lesions were restricted " infrequent. 

on --<'-^-^^^^^^=:^;\T:r a^dTpr^^^^^^^ cysts were 
random, small foci oi giiws-^ 
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seen in sections of the fetal brain. The tissue cysts 
ranged from 8 to 10 ^ra in diameter and had distinct, thin 
walls {< 1 nm) surrounding at least 25-40 closely packed 
bradyzoites. In addition there were scattered 

5 mononuclear inflammatory cell infiltrates in the heart, 
portal tracts of the liver and throughout the renal 
cortex. In the lung, macrophages and neutrophils were 
present within alveolar septa, adjacent to bronchioles 
and free in the lumen of bronchioles and alveoli. 

10 Escherichia coli and Proteus spp. were isolated from the 
lung, liver, spleen and abomasal contents of this fetus. 

The second isolate (BPA2) was obtained from 
fetus 93 which had an estimated gestational age of 6 
months and was mildly autolyzed. Histological 

15 examination revealed infrequent random foci of gliosis in 
the brain with adjacent capillaries that had prominent 
hypertrophied endothelium. There was also a mild diffuse 
meningeal infiltrate of mononuclear cells, consisting 
predominantly of lymphocytes with occasional plasma 

20 cells. Four randomly located protozoal tissue cysts were 
found in the brain; one being located adjacent to a focus 
of gliosis. The cysts were 8-13 fim in diameter with at 
least 25-50 bradyzoites. Two of the cysts had thick (1-2 
nm) walls. Focal, mixed mononuclear inflammatory cell 

25 infiltrates were also present in skeletal muscle, and in 

the renal cortex. 

Table 1 summarizes the immunoreactivity of 

protozoal tissue cysts in the brains of fetus 66 and 
fetus 93 with different polyclonal antisera and compares 

30 these antigenic reactions to those of N. caninvm, T. 
gondii, H. hamnondi and S. cruzi. The protozoal cysts in 
fetuses 66 and 93 reacted most strongly to W. caninum 
antiserum and had weaker reactions to H. hamniondi 
antiserum. With both antisera, staining was 

35 predominantly to the cyst wall with some staining of 
zoites within the cysts. Overall, the reactivity of 
cysts in the two bovine fetuses was more similar to the 
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Table 1 Reactivity of tissue cysts and tachyzoites with 
rabbit polyclonal antisera against different parasites in 
an immunoperoxidase test 



fiaxasite antigen 



Tissue 



Antisera 



caniixum 



HsamcDdia 

hantncodi 



Ttoacplasna gondii 



^1 



Ftetus 66 cysts 



Bovine brain 



10 



Fetus 93 cysts 



l^Bospora caniixum 
tachyzoites 



M9USG Israin 



tachyzoites 



Mouse spleen 



15 



TtDoqplasia 
cysts 



Mouse farain 



Hamncndia hanmaodi 

cysts 



Mouse nuscle 



cysts 



nuscle 



20 



^Primarily cyst wall staining. 



In approximately 14 months, over 100 fetuses 
were submitted specifically as protozoal abortion 

25 suspects from dairies in California. Parasite isolations 
were attempted with brain from the 49 fetuses which had 
Weospora - 1 i ke protozoa identified by 
immunohis t ©chemistry . The first evidence of parasite 
growth in these cultures was detected in the 87-3 cell 

30 line 34 days after inoculation of brain tissue from fetus 
66 (isolate BAPl) . The next successful in vitro 
isolation was apparent when tachyzoites were first 
observed in 87-3 and CPAE cultures on day 15 after 
inoculation with brain tissue from fetus 93 (isolate 

35 BPA2) . In cultures of both isolates, parasites first 
appeared as small clusters of intracellular tachyzoites 
in pairs or random groups. Extracellular tachyzoites 
were seen escaping from the bovine cell monolayers and 
moving by gliding and twisting in the culture medium. On 

40 Gxemsa- stained smears of infected monolayers. 
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extracellular tachyzoite= were 1.5-2.5 im "^^^ 
extracei ruitiber of tachyzoite 

nucleus and 6-8 long. The nu -mster 
clusters and nun4>er of tachyzo.tes .n cluster 
increased gradually in the cultures as they became 

incteoB 3 .^-^afiite arowth. Generally, 

5 established with continuous parasite gro 

■ minsters contained approximately 10 lOO 

parasite clusters con maintained in 

tachyzoites. Growth of both isola ^^^^ 

,.„lfures of 87-3, CPAE, or M617. However, 

cultures or b / ' ^ CPAE cultures. 

growth was observed in the 87 ,„itnres were 

10 Within 2-3 months of establishment, the ^^^^^^^^/^^^ 
passaged weekly whenever approximately 80-95% of the 
Tovine monolayer cells were infected with t-hyz-tes^ 

. TiTDjvi and BPA2 cultures were 

Routinely. -^^^"^^^^ ^^^^1 of needle-passaged 

passaged by adding a 1 8 dilute ^^^^^^^ 

15 monolayer in fresh media to cultures ^^^^^^^^ 

monolayers. By comparison, m massaged at a 

of T aondii (RH isolate) are routinely passagea 
of T. gonaii isolate) cultures are 

1:200 dilution and N. canmum (NC 1 isola , 

J «4. a 1.10 dilution every 2-3 tiays. ^-s' 
passaged at a l.lO isolates had 

20 mid-May 1992, cultures of the BPAl ana B 

been maintained with continuous growth for 10 an 

months, respectively. ^«„«arison of in 

The results of an antigenic comparison ot 

rt-F BPAl and BPA2 to those or 
vitro cultivated taohyzo.tes °* ^ ^.^^^ ,hown 

25 cultivated ». canlnu. and T. " ^^^''^ ,,,,,,,3 

in Table 2. "^'^^^I'T^ ZrT^Ll^r to that 

to the different "'""V J*" di„erent f ro» 

demonstrated by M. canlnui., and distinctly dl 

« ^..r-i-ivitv observed with T. gonaii 
the pattern of reactivity 

30 taehyioites CTable 2) . 
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• of in vitro cultivated tachyzoites 

Tables. /\"7sera against different 

with rabbit polyclonal antisera ag 
parasites in an imtnunoperoxidase test 



Antisera 




Parasite 
antigen 



Neospora Hammondxa 
caninum hammondi 



Tgl 



Tg2 Tg3 Tg4 



Foetus 66 (BPAl) 
Foetus 93 (BPA2) 



+++ 



+ 
+ 



10 



Neospora caninvxn +++ 
Toxoplasma gondii 



+++ 



+++ 



+++ +++ 




15 



20 



25 



30 



35 



• ^Ar^ry electroH microscopyi the in 
By ana BPA2 «ere 

vitro "Cy.oltes o "dates J^^^^ ^^^^^^^ 

morphologiclly similar . j,^^^ isolates. 

ultrastructural ^^^"Jl^^^r^llZZ of .-Itiple 
individual taohyzcite. o ^ j«„sitcpborous 

""T"r: Z: IT^IT:. .ovin. .^^nolaver cells^ 
vacuole in the P insisting o( a oomplex of 2 

Tachyzoites had a pellr ^.^^leTOal meinbrane, a 

inner ne^nbranes >^»"''> „^ portion of 

prominent nucleus in he «ntra ^P^^ ^^^^^^ 

thetachyzolte lto^3P ^^^^ 
mitochondria, a Golgi ^iitiple-mentoraned 
endoplasmic ,;,"^',^3omes . Ultrastructural 

vesicles, and --^ lH'J^ apico^lexan parasites 
apical features of both Isolates, including 

were present in tachyzoites "^^"^ ^ longitudinal 

a polar ring ">>^=\j::\ '"^^ical or cone-shaped 

subpellicular ■»;;«°'-^";:t;;ard numerous electron dense 
conoid within the polar ^„ individual 

'*"r Ttes trir^e^™ "a s dependent to some 
tachyzoites varied g ^ ,j 

extent on the pl»e ^ transversely 

rhoptries was counted in tne an 
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sectioned tachyzoites. Rhoptries were not seen posterior 
to tachyzoite nuclei. In longitudinal sections, 
rhoptries were elongated, club-shaped structures with 
narrow, dense necks that extended into the conoid. As 
5 many as 14-32 electron-dense bodies were observed 
primarily posterior to the nucleus. Smaller numbers of 
these dense bodies were found anterior to the nucleus. 
Unlike rhoptries, dense bodies were generally round or 
oval in longitudinal sections. Large numbers of 
10 micronemes were seen in the anterior end of tachyzoites 
and only rarely observed posterior to the nucleus. The 
micronemes were most often arranged in organized arrays 
or sheets that were orientated parallel to the pellicular 
membrane or longitudinal axis of the tachyzoite. The 
15 number varied greatly in individual tachyzoites but as 
. many as 60-100 micronemes were counted in longitudinal or 
oblique sections of selected tachyzoites. In addition, 
a single micropore, located anterior to the nucleus was 
seen in some tachyzoites. Parasites multiplied by 
20 endodyogeny and many were observed in the process of 
forming 2 progeny zoites within a single tachyzoite. 
Rarely, as many as 4 zoites with intact nuclei were seen 
in division but still attached to each other at the 

posterior end. 

A concerted effort has been focused on the in 
vitro isolation of Weospora- like protozoal parasites 
from cattle after studies showed that they were the major 
diagnosed cause of abortion in California dairy cattle. 
Histologically, the two bovine fetuses from which 
30 isolates were first obtained in 1991 had compatible 
lesions, including multifocal non- supportive 
encephalitis, and protozoal tissue cysts like those seen 
in other natural infections of Neospora-like protozoa in 
bovine fetuses. The immunological reactivity of tissue 
35 cysts in the brains of fetus 66 and fetus 93 was also 
similar to that seen with many of the cysts in naturally 
infected fetuses which had strong reactions with N. 
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caninxm and H. harmondi antisera and occasional reactions 
to some of the T. gondii antisera. 

Isolation of these Neospora-like protozoal 
parasites from aborted bovine fetuses was difficult 
5 because fetuses are generally moderately to severely 
autolyzed at the time of abortion and protozoal tissue 
cysts are present in a relatively small proportion of the 
infected fetuses. Previous ultrastructural studies 
suggested that most of the protozoal cysts in these fetal 
tissues were affected by autolysis and were probably 
non-viable (Barr et al. 1991 Vet. Path.28 : 110-16) . The 
two fetuses from which isolates were obtained were xn 
comparatively good postmortem condition. This fact, plus 
the relatively large number of cysts in these fetuses may 
have been critical factors in the successful isolation of 
the protozoal parasites. In addition, the isolation 
methods were modified. In particular, a longer period of 
trypsinization in preparing the brain material for 
cultivation, the overnight incubation of the braxn 
0 homogenate on the monolayer, and use of the 87-3 bovine 
trophoblastic cell line for the initial parasxte 
isolation were modifications in these procedures whxch 
appeared to be particularly helpful in obtaining the BPAl 
and BPA2 isolates . Parasite growth was best maintained 
5 in 87-3 and CPAE monolayer cells. This contrasts with N. 
caninxm and Hammondia heydorni which are reported to grow 
better in bovine monocyte cells (Speer et al. 1988 
Infect, and Immun. 50:566-71). 

in comparing these bovine protozoal isolates to 
iO those of T. gondii and N. caninun. . that have been 
re-isolated from mouse brains, it was found that the 
bovine protozoal isolates grew more slowly during 
isolation and after establishment of continuous growth 
Whether this reflects a difference in. the virulence of 

« AA^^^y-^rvcie, in adaptation to culture 
35 the organisms or a difference m aua^. 

remains to be determined. 
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By light microscopy, tachyzoites of the bovine 
isolates were morphologically similar to in vitro 
tachyzoites of T. gondii and N. caninum. Cultivated 
tachyzoites of the bovine isolates had similar 
immunohistochemical reactions to tachyzoites of N. 
caninim, reacting strongly with N. caninum anti- serum and 
weakly to serum Tgi which was produced by immunization of 
a rabbit with tachyzoite lysates of T. gondii. These 
antigenic reactions were distinctly different from those 
seen with culture -derived tachyzoites of r. gondii. 
Differences in antigenic reactivity of the cultivated 
BPAl and BPA2 tachyzoites, as compared to those of tissue 
cysts in the source fetuses, could be explained by the 
stage -specific antigen expression of the different 
parasites and variations in the methods used to produce 
the antisera (i.e. immunization with cysts, oocysts or 
tachyzoite lysates) . For example, tissue cyst wall 
antigens that reacted with antiserum to H. hammondi 
appeared to be lacking on tachyzoites of the bovine 
isolates in vitro. Unfortunately, a direct comparison of 
different parasite stages was not always possible since 
tachyzoites were not identified in the brains of the two 
bovine fetuses and true cysts have not been observed in 
the BPAl or BPA2 cultures. Similarly, W. caninum tissue 
cysts and culture -derived H, hanimondi tachyzoites were 
not available for comparison. Differences in antigenic 
expression may also be affected by host-specific factors. 
To evaluate this possibility, efforts are under way to 
obtain material from cattle, dogs, rats, cats and mice 
that have been experimentally infected with N, caninum or 
the bovine isolates so as to make a direct comparison of 
antigenic reactivity of the parasites in the same host 
species. 
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Thus far, characterization of the in vitro 
35 isolates from the two aborted bovine fetuses has shown 
that these parasites are antigenically and/or ultra- 
structurally distinct from T. gondii, H. hammondi, s. 
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. . vr-f>nkelia spp. These isolates 

cruzi, Besnoitia spp. and Frenxexaa 

v,To M cauinuin parasites which have 
most closely resetnble W. caninuiu y 

been n,ost extensively studied in the USA -^^""^^^"^ 
The similarity between these parasites indicates that the 
'5 BPAl and BPA2 isolates belong to the genus aeospora At 
present little is .cnown about the life-oycle, xnclud^g 
the definitive host, ot these Neospora parasites in dogs 
or cattle. A better understanding of the biology of 



10 



or- cauuj.e . jj«sww«-» 

■!« essential to determine their taxonomxc 
these parasites is essenticij- . , 

1- snd to other apicomplexan 

relationship to each other and to ocne y 



parasites. 

Example 2 



. , „ __ indirect fluorescent 

This example describes an inaireci. 

antibody (IFA) test for the detection of 
.5 parasite-specific antibody responses in cattle that were 
15 parasite spe „„^^iiv infected with Weospora 

naturally or experimentally mtecce 

parasites. The methods used here are 9— 
described in Conrad et al. 1993 J. Vet. Diagn. Invest. 

5:572-578 (1993). 
20 MATERIALS AND METHODS 

,,iaes were prepared using t.chy.oxt.s of 

the BPAl described above. Culture nedia consisted of 
Dulbecco's MiniMam Essential Medium (I«EB) -PPl«-"«f ^ 
^th 10* (v/v) heat-inactivated adult e<^ine serum. 2 n« 
:!glut.mine. SO C/ml penicillin and 50 ug/ml B-Pt-XCin 
,DMEM-BS) . Tachyzoites of T».oplas« gondii J^^^^ 
kindly provided by Dr. J. Boothroyd) were obtained from 
Kinaiy pro , medium except 

CPAE monolayer cultures grown in tne 

that 10% (v/v) heat-inactivated fetal bovine serum was 

u^ed instead of e^ine serum. -""^"-^*""V""f,r, 
were maintained in 25 or 75 cm= flasKs incubated at 37 C 

ill an atmosphere of 5% CO2. ^. ^ 

parasites were harvested for antigen preparation 

ont ^ ^h« CPAE cells in the culture flask were 
35 when *80% of the CPAE ceixe infected 
infected with clusters of tachyzoites. The ^^^'^^^ 
lllayer was removed from the flask by scraping into the 



25 



30 



pCrAJS95/03n4 

wo 95/25541 

39 

aisrupt the cells. X2'^llZZ.^:Zo\^^slr. 
SMtn filter to remove cellular debrxs a ^ 
pelleted by centrifugation at 1300 xg 

i-he cellet was washed twice m 
5 removing the ' ''^^'T ' g , j <pbs) and then 

sterile phosphate buffered saline pH ' 3^ 

i„ a modified PBS saline (137mM Bati, 
resuspended in a moaiii „ „C0„ 6mM 

KCl, 3inMNa3CeHsO,.2H,0, 0.4Tm J approximately 

\ 4-« a final concentration or app* 
glucose) to a final tachyzoite suspension 

10 2,000/m1. Aliquots ox lu m-- .x^oil heavy 



2,000/Ml. Aiiq-"-'- - - 12 -well heavy 

were dispensed into each 4 mm well o ^^^^ 

teflon coated (HTC) antigen slides. ^ 



15 



20 



teflon coateu J ««. ^no c 

air-dried at room temperature and stored at -70 

=^est sera was obtained from naturally in-cted cows 
..at aborted „eospora-inf ected ^-^S; " well 

... n,r -{Ti-Fected calves. In aaaitiw**. 
congenitally mfectea c heifers that were 

obtained from two pregnant ^^^^^^^ 
experimentally infected at ^J^^'^^.^e derived 

gestation with ----^^^ .^^^^^ from 
rPAE cultures. Tacnyzoitee 



25 



30 



(rom CP^E ^.^^^bed for harvesting 

cultures using the proceaure 

.achv.oites for antigen preparat - «oept^^ ^^^^^ 
parasites were not washed in ^BS and y 
given to each heifer intravenously was JiiiS^ a. 

1., rt.bris After centrifugation, taenyzoK- 
cellular debris . .aitalstSSJ by inoculation to ^\ 

resuspended in DMEM an ^^^^ .^^n IV and 

each heifer so that J^J^^,,^, s.„e herd 

r atTh^sr srage .estation was^nocul^ed with ^ 

e^ivalent a^unt the 

material which was J^"^^ "" ^,,jers. Natural or 

same ^^.^iterfco: irmed by identification 

experimental infections were ^ 
of I»eospora tachy.oites and/or tissue cy 
calf tissues using an i«unoperoxidase test pr 
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15 



. , ,1991) J A" «t Med ASSOC 198:241-244 

,;«4erson et '""'^^^ 28:110-116) . 

and Barr et aJ. 11991' vs samples from 

Por sexoloeical ^ ^^^^j;;^^^^^^^^ fro. the 

Neospora- infected cattle, se ^^^^ ^^^^ aborted 

5 following additional parasites typical 

fetuses Which did not have sxons^o ^P^^^^ ^^^^ ^^^^ 

of Neospora infections. .^..^tions, but showed no 

suspected of havine ^ histopathologic 

lesions or parasites on P ^^^^ ^^^^ purchased as 
10 examination. 3) ^0 ^^^^ ^^^^ ^^^^ County, 

weanlings from a close isolation, on range 

Nebraska and maintained ^^^^^^^^^ Research Development 
conditions ^''%^«rrVska-Linco^^ 

center. -^-"-[//^^^^^^^^^ maintained on pasture in 

4) 20 P-9--^/^7'!" ^,1, i^eef bulls or cows that were 
California and 5) 21 adu ^^.^^^i^ed in the same 

originally on pasture ^.eifers. 
feedlot as the experimentally mte 

^^^in, rnllectinn ?>pd ^^"^^^^ obtained from blood 

Test and control ser ^^^ip^ncture into 

samples that ^^.^guiant . After storage at 

vacutainer tubes without antic 9 for 

40 c for 2-12 hr, the blood ^^^^^ either 
10 min and the serum was removed Se ^ ^^^^^ ^^^^^^^ 

40 C for <48 hr or ,,,, temperature 

;^tigen slides were thawe^^^^ ^^^^^^^^ 

immediately prior to use. 1.40. 960 to determine 

in 2-fold dilutions from 1:4 ^^^^^^^ ^^^^ ^^^^^^^ 
the end-point titer. Ten ^^^.^^^ 
sera were placed in separate^we ^ ^ ^ ^ „,oist 

Slides were incubated at pgg^ 3,^^ then tapped 

chamber, washed 3x for 5 min pi^orescein- labelled 

gently to remove excess _ diluted 1:500 in 

affinity-purified rabbit antx-bovine Ig^^^ ^^^^ ^^^^^^ 
PBS was added in 10 ul aliqu^ ^^^^^^ ^ ^.^^^ ^^^^ 

.ere incubated at 37 C ^^^^^^ ,3s, 

PBS for 5 min eacn 
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cover-slipped with buffered glycerol (25% Iw/v] glycerine 
n TKIS-HclpH ..0), and examined at 200 ^^^^^ 
using a fluorescence microscope. The end-poxnt txter was 

^•^„^^ons showing distinct, whole parasite 
the last serum dilutions snowiny v^j- 

5 fluorescence. 
RESULTS 

''^'-titutra a. ..e t.„e o. a.o«i=n .ro™ cows 

T T-oartivitv to Neospora antigen 
were tested for serologic reactivity ^^^^^^^ 

' s ♦-v,^ TPA test procedure. Aborted 

10 (isolate BPA-1) using the IFA test p 

10 usox „f these cows had nonsuppurative 

fe»i-tifies from 55 or tnese 

fetuses ir ,«^,^riitis which was consistent with 

encephalitis and/or myocarditis wnicn ^^^/^r 

1 <r,f motion In addition tachyzoite and/or 
a protozoal infection. in v,v 
cvst stages of Neospora were identified- by 
cyst stages tissues of these 55 fetuses 

15 immunohistochemistry in the tissues oi 

(Table 3). in the remaining 9 fetuses there was no 
(Table 3J. „v,»iitis and/or myocarditis and no 

indication of encephalitis and/ y ^^^^ 

detectable protozoal parasites. °^ to 

..orted .eospora-inf ect^d fetuses had titers^ o ^^^^ 
20 5.120 to Neospora antigens (Table 3)^^^^^^ ^^^^^^^^ 
that aborted fetuses with no oec 
parasites had titers sl60 and one had a titer of 320. 
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^r^^^^»cted after abortion of 
TABLE 3 : Titers of jow sera ^ollecte ^ (spAi 

Neospora- infected fetuses to 
isolate) antigens. 



10 



15 



Neospora 
titer 



320 

640 

1280 

2560 

5120 



of cows cysts tacnys» ^3 



1 

12 
12 
15 
15 



0 
2 
2 
2 
5 



1 
8 
10 

11 
7 



0 
2 
0 
2 
3 



20 



25 



30 



35 



40 



*.v,=h aborted Wefospora- infected 
civ of the cows that aooti-c" x- 
Six ot cne dairies of origin so 

fetuses were maintained on their 4 ^ ^„ . o 

fetuses tested repeatedly over a 6 to 12 

1-hat these cows could be testeu i f ^-^.^^ 

1-0 2 560 were apparent wivnx** 

p^ak titers of 640 to ,_ . ^„ . 

PeaK tiw v.^r, in all of the cows (Figs. 1 

first 20 days after abortion in aix oj. , 

first aay ^.^«rs of 4 of the cows (Pig. 1/ 

t 2). Subsequently, the titers or * 

« T,- cow 578) decreased to 640, 

COWB 9. S70 . 522; F.g. 2 cow 5 ) ^^^^ ^^^^ 

where., the titer. =f cow 3 <F^9^ ^^...^^i.^. cow. 

2, dropped to 160 .gain within 

c^A and 1326 were rebred and Became pi>=» 

578 and 132» aborting Neospora-lnfected 

approxi^tely SO to 70 °« approximately 4 to 5 

fetuses . When these cow. ««« ^ i„crea.ed to their 
month, pregnant their "-^f^^f «:,tLd at this level 

original peaK l-'^' °'J.'\'; ^^^^..^r. calve. (Pig. 2) • 
until the cows gave brrtb « £ul ^ ^^^^^^^^ ^^^^^ 
The calf bom to cow 1328 had a P 

.0.480 and twin <=»^v" »,„pora 
p.ecolostral titer, of 10 240 ^^^^^ 

i.olate. upon necropay ^' y^^'^Jp^i^^eliti. or 
calves Showed mild ^^ain paren=hyn«. 

focal mononuclear cell "^^"""^ a,.ociation with 
Meospora ti..»e cyst, were .een in a.socia 
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•in all 3 calves. The post- colostral 
inflammatory lesions in a euthanasia 
titers of sera ta.en from each^ calf pr^^^^ 

.ere the same ^ ^^^^^^^^^^^^^ for four additional 

serologic titers wer congenital Weospora 

5 calves that were ^^^^^^^^^^^^^^^^ characteristic cyst 

infections based on the pre reacted 

stages in the brain -^/^^J^^^^^ .^.e BPA-1 bovine 
immunohistochemically wit .goiated from the brains 

Neospora isolate ^--P-^;;^^.3 the parasites were 
10 and/or spinal cords of calv ^ p,,^,iously described 

grown continuously m vat ' ^^^^ ^^^^^.^ed bovine 

n^ethod for isolation of N P^^^ ^ ^^^^^^^^ ^ . ^^^^ 
fetuses. At necropsy calve ^^^^ ^ ^ 

of 20,480. calf 3 had a txt^^r f _ ^^^^ ^ 



15 



I had a titer oj- , ^ ^ a*. 

■n.cted from the dam of calf 4 at 
titer of 5,120. sera collected fr^^^ precolostral calf 
calving had a Weospora titer o , ^^^^ 

..r. and sera from the dams of 



20 



available for «Bting. congenltally Infected 

The titers observed in markedly 

calves with confirmed '^^^^^^^'^'^Ttro. 4 «eaK 1-S day 
greater than those obtainea _ ^^^^^^ weospora 

old calves which were ^^""^ evidence o£ 

infections, ^^''-^ ^^''^.'^ites on post-morte. 

characteristic lesions or J » titer 

e«»inaticn. One of these -^^'^'^^^ „ bovine 

160, while the others ha ^^^^^ ^^^^ 
Neospora antigens. whether or not 
received colostrum was not known. 

miilirirnrm Inf^ctUaa ^j^, 3 pregnant 

Repeated sera "7j^;;,,"^:^„iation on day *3 had 
heifers prior to -^""r^^^'^^igens. The 2 heifers 
.iters of <80 to Jived tachyzoites of 

that were infected ^^^^J^^ titers of 640 

the BPAl bovine isolate^ devel p ^^^^^^ inoculation 

3s by day S and ^ ■ "° ^ J^^,^, %eceived uninfected cell 
,pig. 3> . The "eiter th ^^^^^^ 
culture material had titers 
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throughout the experiment. She was euthanitized 32 days 
after inoculation to remove her fetus which was viable, 
histologically normal and uninfected, with no detectable 
titer to Neospora. Peak titers for both infected heifers 
5 were detected 32 days after parasite inoculation, at 
which time the fetus of heifer 413 was removed by 
Caesarian section. Histologically, the fetus had 
inflammatory lesions and numerous Neospora tachyzoites 
present in its central nervous system. In addition, 
10 Neospora tachyzoites were isolated from fetal tissues and 
grown continuously in cell culture. Sera collected from 
the fetus had a titer of 640 to Neospora antigens. After 
her fetus was removed, the Neospora titer of heifer 413 
fluctuated between 1,280 and 5,120, until day 193 
15 post -infection when it dropped to 640 (Fig. 3). Heifer 
416 calved 158 days after parasite inoculation at which 
time she had a Neospora titer of 1,280 (Fig. 3). The 
calf had a precolostral Neospora titer of 10,240 which 
was the same as the sample which was collected 2 days 
20 later, after ingestion of the dam's colostrum. 
Clinically the calf appeared normal except that it had 
decreased conscious proprioception in all 4 limbs when 
examined prior to euthanasia at 2 days of age. There 
were minimal histological lesions, consisting of focal 
25 gliosis in the central nervous system, but no parasites 
were detected in fetal tissues. 
Uninfected cattle 

Fifty three of the 61 (87%) adult cattle tested 
which had no history of Neospora infection had titers 

30 s80, and all but one animal had titers sl60 to both 
Neospora and Toxoplasma antigens (Table 4) . The pastured 
cattle that were moved and subsequently maintained under 
feedlot conditions did not have higher serologic titers 
to tachyzoites of bovine Neospora or Toxoplasma gondii 

35 than those kept on pasture. End-point titer 

determinations of all samples from infected or uninfected 
cattle were always based on whole tachyzoite 
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fluorescence. However. in testing the apparently 
uninfected animals, sera samples from 3 of the cows and 
7 of the bulls that were housed in the UCD feedlot had 
parasite fluorescence which was restricted to the apical 
end of the parasite. This reaction was particularly 
marked with the 7 sera from bulls which had apical 
fluorescence titers of 160 to 320 to both JVeospora and 
Toxoplasma, while the whole parasite fluorescence titer 
was s80. 
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Figure 4 shows the serologic titers of the 61 
uninfected adult cattle plus the 9 cows that aborted 
rtuses wi-out evidence of .eospora -Actions con^are 
to the titers of Neospora- infected cows at the txme of 
I'L or calving, although a majority of i^^^^^^^^^^^ 
cattle had titers .1280 to Neospora and most of the 
cattle that had no evidence of infection had ^^ters *B0 
there was some overlap between these groups xn the 160 to 
640 titer range (Fig. 4) • 

Example 3 

This example d.«ribeB isolation of DBA 
encoding nss-rRNA (sequence shown in Figure 5) . 
parasite. ^^^^^^^ .^^^^^^^ ^^^.^ 3,^.,, ^p^.j. 

BPA-4 . BPA-5 were used for DN. isolation Parasites 
were harvested for D»A preparation when > J^^^^^^f 
cells were infected with large clusters °' 
The infected monolayer was removed from the flask by 
xne inieci-c . j„ ^^lsaue culture media were 

scrapping. The tachyzoites in tissue cuit 
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pelleted by centrifugation at room temperature, 1300Xg 
for 10 minutes. The supernatant was removed and the 
pellet was resuspended in 10 mis sterile physiologically 
buffered saline (PBS: pH 7.4) , passed through a 25 gauge 
5 needle three times to disrupt the CPAE. cells, and then 
filtered through a 5 um disc filter (Gelman Sciences, 
Acrodisc) to remove cellular debris. The filtered 
material was pelleted at 1300Xg for 10 minutes and washed 
in PBS . (pH 7.4). The supernatant was removed and the 

10 tachyzoite pellet was stored at -70*>C until used. 
Uninfected CPAE monolayer cells were processed by the 
same procedure and used as controls. 

Two methods were used to prepare the DNA from 
the tachyzoites and control CPAE cells • Initially, DNA 

15 was prepared as follows. Briefly, the parasite or 
control cell pellets were suspended in 1.0 ml STE with 
0.5% SDS treated with proteinase K (lOOAig/ml) and RNAase 
(100/Ag/ml) then extracted twice with phenol, once with 
phenol -chloroform-isoamyl alcohol, and once with 

20 chloroform- isoamyl alcohol. DNA was sxibsequently 
precipitated with ethanol, dried and resuspended in TE 
buffer. Other DNA samples were prepared with the 
Isoguick DNA Extraction kit (Microprobe, Corp., Garden 
Grove, Calif.) following manufacturer's directions. 

25 DNA preparations were electrophoresed in 0.8% 

(w/v) agarose (PMC) Bioproducts) in 0.5 M 
Tris/borate/EDTA (TBE) buffer (89 mM Tris, 89mM boric 
acid, 2niM EDTA) gels stained with ethidium-bromide (0.5 
ug/ml) and examined under by ultraviolet (UV) light. 

30 Amplification of rRlU^ gene sequences: 

DNA sequences were amplified by the polymerase 
chain reaction (PCR) using a programmable thermal cycler 
(Perkin- Elmer) . Reactions were performed in 50 to 100 ul 
volume samples containing approximately 50-100 ng of DNA 

35 template, 50 mM Tris buffer (pH 8.3), 1.0 mM MgC12, 200 
mM of each of the four deoxynucleoside triphosphates, 0.5 
U of Tag polymerase (Promega) and 100 pM of universal 
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.rimer A (5-CCG TOG TCG ACA CCT GGT TGA TCC CCG ACG 

ACC G^ GTC ACG GGA G 3-) <SEO IB No. =2, P'-- 

C U-GGG CCC TAG GTG GCG CCG ACG ACC GTG GTC TGA ACG GGA 

I I; (SEQ ID NO. =3). The PCR cycling parameters 

minutes followed 

5 consisted of a single step at 94 i- lo „i„„te 
30 cycles denaturation at 9.'C for 1 — ^ ^^f^^ 
of annealing at S5. and 2 minutes of extension at^2 wxt^ 
a final extension step of 7 -"""^ '^^ . , 

»mnlification product was an approximately 550 bp 
amplification p ^^^^^ ^ ^„ 

sequence from the 5 ena „s-rENA gene was 

extensive 1.8 kb sequence of the nss a 

:;iified from BPAi ^''^ci::^'^^ ^ 

primer B (5' CCC GGG ATC CAA OCT TGA TCC Tic 

ivrr TAG 3M (SEQ ID No. :4) . . ^r. ■> 

ACC TAC 3 J V w performed using 50ul 

These reactions were pex 

reaction samples that containea iC^M of 

"9C12. "VTiro M of each of the four 

(pH e.3), 1.0 mM MgC12, a 200 mn 

deoxynucleoslde triphosphates (dATP. dCJ"- ^ 
aTTpi: «>d O.S U Of Ta, pol^era^ <^^-' 
a^lif ication ^cles J^^^X^^^^ ,^ « 

denaturation step at 94 lo* „^„,,t.^ of 

^. „ 04 op for 1 minute, 1 minute or 
cvcles of denaturation at 94 c lo^^ 

cycxeo „<„„tieB of extension at 72 c 

-14^/^ a^ ^s«c and 4 minuceB ^ 
annealing at 55 anu , ^ - minutes For both 

with the final extension step for 7 minutes. tor 
with the tinai stationary CPAE cell DNA was 

amplification reactions, the ^^^er ^as 

used as the negative template control. Sterile ^ 
used for the PCR reaction condition controls, ^xquots 

^ * eized by comparison with dna 

of each PCR product ""^^^^j, J electrophoresis 

standards Jfx* Wv, SeaKe. agarose gel 

through a 3% («/v) NuSieve. » .^^^^ 
(PMC BioProducts, Rockland ME) staine 
hromide and visualized under ;N lig^ 

Ai^lification products from to 

^l.d orior to purification to reduce the 
were pooled prior to p ^i^n errors by 

iw^n nf anv nucleotide mxsxnuuj.t'wj- 
possibility of any elongation step of the 

the Taq polymerase during tne ex a 
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The PGR 

newly synthesized complement , 

electroelution or by ^'^-^^'Z^^^^^ „agic 
spin-colunms were used at different times ^ Fir ^ 9 

r,w>, fixation System (Promega Corp.) was usea 
5 PCR prep DBA purification sy^ Briefly, the 

following manufacturer- s ^ ten^rature 

products were 'l-^^P'^^/t^a 'Te PMC BioPorducts, , . 
melting agarose (I.w Melt A^aro e ^^^^^^^ 

■^'/rd rl^^la w s e«ieed' into an eppendorf 
" X'ihe aVJ^-Tnd DN. were heated .70-0 to melt the 
arrose Z I.BA was separated from the agarose using 
agarose. ,_. t.=<-ot- eimnler 



15 



20 



25 



agarose. xa« ---^ ^^^^ ^.^pl^,, 

colun^s and reagents P-^f ^^^^^ ^^.^ p^^ifying 
and less ti.e intensxve methods were 

the PCR products usxng the PC^ Se ^^^^^^ ,3 
prime, Inc) columns which do not requx 

and excision of the 

DNA sequencxng of tne puiJ- 

* i-.^-^o-r-' B instructions for 
«ere performed following -"^J" ^""^^ cycle 
the PCB cycle Sec,uencing ^.y^"" Jl^^^^^ consisted of 
se^encing System, . ^^^^^^^f^Hr^turation at SS-C 
: '1 tlt^r The nrst Trogram step .^Ufied .K. 

Lo T "cles that included 30 seconds for 
uaing ^° J^f" annealing, and 1 minute of 

denaturation, 30 seconas i alternated between 

e«ension. The second ^'^'^"'J^.^'^^.^c^ only, 
denaturation i^S'O '"^."'^"7,, were used to 
initially, the universal primers (»., C o 

Obtain the first nucleotide "^^^^f^*/:, 

internal primers could be <=°°='"'=".'' ""^^.^^ «ere 5 • 
• seauenees. All sequencing primers we 

internal sequence „ , triphosphate (Miersham) . 

labelled with adenosine 5 IV Pi « P P ^^^^ 
reactions were heated to ,S C for ^^^^^ 

loading onto either a „„„.g,adient gel 

5 polyacrylamide, 8 M urea lo ^^pp^^atus (GIBCO BRL, 

using a Model S2 Sequencing Gel A^a ^.^^ 
o.lthersburg, Md) . The sequencing gel. were 
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acetic acia ana .0. .etnanoX to re^ve t.e urea prior to 
. transfer of the sequencing proaucts - 

fiXter paper. The gels «ere -"ea us ng a gel^ ^9 

apparatus .Bicraa Gel Dr.e X for ^ 
5 70-80OC. The membrane filters 

using Kodak X-OMAT X-ray film. 

... se„ ana^^^^^^^^^ ^^^^ 

separate reactions ^ er .^^^^^^^ 
nucleotide sequence data ^.^^^^ MacDNASIS 

.he sequencing products «ere 

and protein Se^ence ^^^^ ^CG 
software Engineering Co,). This prog prettv) 
»™« (SEOED Fragment Assembly. Lineup, and Pretty) 
programs (SEQED, Fragm computer Group) on a 

(University of Wisconsin Genetics ^omp 

fao-iiitated the construction of tne 
VMS system faciiitatea 

sequences . 

Example 4 

, ._ pvamnle 3 was used to 
The DNA prepared in Exampie 

2° ^ o for the detection of Neospora. 

design primers and probes for the aetec 

The protocol used was as follows. 

Oligonucleotide PGR primers: 
25 1) Bovine Neospora Forward Primer 

(5'-AAGTATAAGCTTTTATACGGCT.3') (SEQIDN0.:5) 

2) Bovine Neospora Reverse Primer 

• (5' .CACTGCCACGGTAGTCCAATAC-3' ) (SEQ ID NO. :6) 
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30 



35 



DNA amplification was carried out in a total 
f .0 ul The reaction mixture contained 10 mM 
volume of 50 Ml- ^, -j^ n n% Triton 

. uri r«H 9 0) 50 mM potassium chloride, 0.1% Triton 
Tris-HCl (pH 9.0), 50 mra p ^^^h 

X-ioo, 1.0 m '^^.^^^^J^'^'T!' MM Bovine Neospora 
aeoxynucleoside -P--^^^^^^ „a Reverse 

Forward primer and 0.3B4 ^ ^ «4« t-r^ 

j?orwcaiw . . „ QAor for 4 niin to 

primer. After precycle denaturation at 94 C fo 
reduce nonspecific a.«.lification, 2.5 « Taq 
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polymerase (Promega Corp.. Madison, WI) was added and the 
mixture was overlaid with 50 nl of mineral oil. 
Amplification was performed in a DNA Thermal Cycler 
(Perkin Elmer Cetus Corp., Norwalk, CT) for 31 cycles as 
5 follows: denaturation at 94«C for 1 min, annealing at 
54 °C for 1 min, and extension at 72 •C for 2 min. The 
last cycle was given a prolonged extension period of 7 
min. After amplification, 5 Ml of each sample or a 
BioMarker Low (BioVentures, Inc., Murfreeboro, TN) DNA 

10 size standard were mixed with 1 fil of 6X loading dye and 
electrophoresed on a 3% Nusieve 3:1 agarose gel (FMC 
Bioproducts) . The gel was stained in a 0.5 fig/ral 
ethidium bromide solution for 30 min and observed for the 
presence of amplification products under ultraviolet 

15 illumination. 

Oligonucleotide DNA probes: 
3) BPA/Neospora Internal Probe Sequence 
(5' -AGTCAAACGCG-3' ) (SEQ ID No.: 7) 
20 4) Toxoplasma Internal Probe Sequence 

( 5 ' - AAGTCAACGCG-3 ' ) (SEQ ID No . : 8 ) 

Amplification products were denatured in the 
gel and transferred to nylon membranes (Hybond-N; 
25 Amersham Corp., Arlington Heights, II) by Southern 
blotting method. DNA was cross-linked to nylon membrane 
using a Stratalinker UV crosslinker (Stratagene, La 
Jolla, CA) . Prehybridization, preparation of the labeled 
internal probe, and hybridization were performed as 
30 recommended by the manufacturer for the Enhanced 
Chemiluminescence 3 ' -oligolabeling and Detection Systems 
(Amersham) . Labeled internal probe was added to a final 
concentration of 10 ng/ml of hybridization solution and 
incubated overnight at 30«C with gentle agitation. After 
35 hybridization, the membranes were washed twice for 5 min 
each at room temperature in 5X SSC and 0.1% (w/v) SDS, 
and then washed twice for 5 min each at room temperature 
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in 0.5X SSC and 0.1% (w/v) SDS. Membrane blocking, 
antibody incubations, signal generation and detection 
were performed as described by the manufacturer- 
Membranes were exposed to Kodak X-Omat film for 3-10 min, 
5 Results 

Using the J\7eospora- specific primers 294 bp PCR 
products were amplified from DNAs of BPA-1 and Toxopletsma 
(RH and BT isolates] . In addition, a 350 bp product was 
amplified from Sarcocystis cruzi DNA. No products were 
10 produced with DNAs from various bacteria, CPAE cells, and 
bovine thymocytes. Only the i\7eospora- specific probe 
hybridized to the Neospora amplification product. 
Similarly, th^ Toxoplasina- specif ic hybridized only to the 
Toxoplasma amplification product. 

15 

Example 5 

This example describes experimental infections 
of pregnant cows with culture-derived Neospora 
tachyzoites . ' 
20 Three cows were inoculated with 8 x 10^ 

tachyzoites of the BPAl Neospora isolate (3 x 10^ 
tachyzoites IV, and 5 x 10* tachyzoites IM) . These cows 

■ 

were inoculated at 95 days gestation (Cow #412) , 100 days 
gestation (Cow #416), and 105 days gestation (Cow #413). 

25 In each case, a Neospora fetal infection was confirmed 
(Cow #412 expelled an infected mummified fetus; Cow #416 
gave birth to a calf that was in utero exposed; and an 
infected fetus was removed surgically from Cow #416) . 
Two control cows were inoculated with uninfected cell 

30 culture and gave birth to uninfected live calves. 

These cows were kept and rebred without any 
intervention. All three experimental cows gave birth to 
seronegative, clinically normal calves (not all post 
mortem tissues examined to date) . 

35 The cows were kept and rebred once again. The 

previously infected cows (#s 412, 416, 413 were then 
rechallenged by giving them the same inoculum (8 x 10* 
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tachyzoites, divided and given IV and IM) at 89, 83, and 
83 days gestation, respectively. Control cows were 
rebred and observed. Two infected cows (#s 413 and 416) 
gave birth to live calves which were clinically normal 
5 and seronegative to Neospora antigens. The third cow 
(#412) aborted 27 days post inoculation. The fetus was 
recovered. Although mild lesions suggestive of Neospora 
infection were found, Neospora infection, to date, has 
not been confirmed (formalin- fixed paraffin embedded 
10 tissues negative by immunohistochemistry) , The cow was 
rebred and resorbed its fetus. She was rebred again and 
she aborted once again at 97 days gestation. This second 
fetus was not recovered. Thus far histopathologic 
examination or the tissues from the two clinically normal 
15 calves indicates that they were not tranplacentally 
inf ec^ted with Neospora parasites... 

This is the first experiment to show 
cattle can be protected against Neospora abortion by 
immunization with culture -derived tachyzoites of the BPA- 
1 Neospora isolatev^ 





The above examples are provided to illustrate 
the invention but not to limit its scope. Other variants 
of the invention will be readily apparent to one of 
25 ordinary skill in the art and are encompassed by the 
appended claims. All publications, patents, and patent 
applications cited herein are hereby incorporated by 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: THE REGENTS OF THE UNIVERSITY 

OF CALIFORNIA 

(U) TITLE OF INVENTION: Bovine Neospora Isolates and Their Uses 
(iii) NUMBER OF SEQUENCES: 8 



(W) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Robbins, Berliner & Carson 

(B) STREET: 201 N. Figueroa Street, 5th Floor 
<C) CITY: Los Angeles 

(D) STATE: California 

(E) COUNTRY: US 

(F) 21P: 90012-2628 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
(B> COMPUTER: IBM PC conpatlble 

(C) OPERATING SYSTEM: PC-OOS/HS-DOS 

(D) SOFTWARE: Patent In Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 
<C) CLASSIFICATION: 

(vill) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Berliner, Robert 

(B) REGISTRATION NUMBER: 20,121 

(C) REFERENCE/DOCKET NUMBER: 5555-309 

(ix) TELECOMMUNICATION INFORMATION: 

CA) TELEPHONE: (213) 977-1001 

CB) TELEFAX: (213) 977-1003 



(2) INFORMATION FOR SEQ ID N0:1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1747 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: DNA (genomic) 



(x1) SEOUENCE DESCRIPTION: SEQ ID N0:1: 

AGTCATATGC TT6TCTTAAA GATTAA6CCA T6CATGTCTA AGTATAAGCT TTTATAC6GC 60 

TAAACT6CGA ATGGCTCATT AAAACAGTTA TAGTHATTT 6AT66TCTTT ACTACATGGA 120 

TAACC6TGGT AATTCTATGG CTAATACAT6 CGCACATGCC TCTTCCTCT6 GAA66GCAGT 180 

GTTTATTAGA TACAGAACCA ACCCACCTTC CG6T6GTCCT CGGGTGATTC ATAGTAACCG 240 

AACGGATCGC GTTTGACTTC 6GTCTGCGAC GGATCATTCA AGTTTCTGAC CTATCAGCTT 300 

TC6ACG6TAC TGTATT6GAC TACCGTGGCA GTGACGGGTA ACGGGGAATT A666TTCGAT 360 

TCCGGA6AG6 6AGCCTGA6A AACGGCTACC ACATCTAAGG AAGGCAGCAG GC6CGCAAAT 420 

TACCCAATCC TGATTCAGGG AG6TAGTGAC AAGAAATAAC AACACT6GAA ATTTCATTTC 480 

TA6TGATTGG AATGATAC6A ATCCAAACCC CTTTCA6A6T AACAATT6GA 6GGCAA6TCT 540 

C6TCCCAGCA GCCGCG6TAA TTCCAGCTCC AATAGC6TAT ATTAAA6TTG TT6CAGTTAA 600 

AAACSCTCGTA 6TTGGATTTC TGCTGGAAGC AGCCAGTCCG CCCTCAGGGG TGTGCACTTG 660 
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GTGAATTCTA OCMCCTTCT OGATTTCTTC ACACTTCATT GTGTGGAGTT TTTTCCAOGA 
CTTTTACTTT GAGAAAATTA GACTGTTTCA AGCAGGCTTG TCGCCTTGAA TACTCCAGCA 
TGGAATAATA AGATAGGATT TCGGCCCTAT TTTCTTGGTT TCTAGOACTG AAGTAATGAT 
TAATAGGGAC GGTTGGGGGC ATTCGTA7TT AACTGTCAGA GGTGAAATTC mGATTTGT 
TAAAGACGAA CTACTGCGAA AGCATTTGCC AAAGATGTTT TCATTAATCA AGAACGAAAO 
TTAGGGGCTC GAAGACGATC AGATACCGTC CTAGTCTTAA CCATAAACTA TGCCGACTAO 
AGATAGGAAA ACGTCATCCT TGACTTCTCC TGCACCTTAT GAGAAATCAA AGTCTTTGGG 
TTCTGGGGGG AGTATGGTCG CAAGGCTCAA ACTTAAAGGA ATTGACGGAA GGGCACCACC 
AGGCGTGGAG CCTGCGGCH AATTTCACTC AACACGGGGA AACTCACCAG GTCCAGACAT 
AGGAACGATT GACAGATTGA TAGCTCTTTC TTGATTCTAT GGGTGGTGGT GCATGGCCOT 
TCTTAGTTGG TOGAGTGATT TGTCTGGTTA ATTCCGTTAA CGAACGAGAC CHAACCTCC 
TAAATAGGAT CAGGAACTTC GTGTTCTTGT ATCACTTCTT AGAGGGACTT TGCGTGTCTA 
ACGCAAGGAA CTTTGAGGCA ATAACAGGTC TGTGATGCCC TTAGATGTTC TGGGCIGCAC 
GCGCGCTACA CTGATGCATC CAACGAGTTT ATAACCTTGG CCGATAGGTC tAGGTAAia 
TGTGAGTATG CATCGTGATC GGGATAGAH AHGCAATTA TTAATCTTCA ACGAGGAATG 
CCTAOTAGGC GCAAGTCAOC AGCTTOCOCC GATTACGTCC CTGCCCTTTG TACACACCGC 
CCGTCGCTCC TACCGATTGA GTGTTCCGGT GAATTATTCG GACCGTTTTO TGGCOCOTTC 
CTGCCCGAAA TGGGAAGTTT TGTGAACCTT AACACTTAGA COAAOGAOAA OTCGTAACAA 
GGTTTCC 

(2) INfORHATlOH FOR SEO ID 110:2: 

Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 52 base psirs 

(B) TYPE: nucleic acid 
<C) STRANOEOHESS: single 
(D) TOPOIOSY: linear 

(li) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID M0:2: 
CCGAATTCGT CCACACCTGG TTGATCCCCG ACGACCGT66 TCTGAACCOG AG 
(2) INFORMATION FOR SEQ ID N0:3: 

Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(iO MOLECULE TYPE: DNA 

SEQUENCE DESCRIPTION: SEQ ID N0:3: 
GGGCCCTAG6 TGGCGCC6AC 6ACCGT6GTC TGAACGGOAG 
<2) INFORMATION FOR SEQ ID N0S4: 

CI) SEOUEHCECHARACTERISTICS: 
(A) LENGTH: 39 base pairs 



720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 

lao 

1500 
^ 1560 
1620 
1680 
1740 
1747 
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(B) TYPE: nucleic acid 

(C) STRAfiOEONESS: Single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(Xi) SEQUENCE DESCRIPTION: SEO 10 NO:A: 
CCCGCGATCC AAGCTT6ATC CTTCTGCAGG TTCACCTAC 
<2) INFORMATION FOR SEO ID H0:5: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(i1) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEO ID 110:5: 
AA6TATAAGC TTTTATACGC CT 
(2) INFORMATION FOR SEO ID N0:6: 

SEQUENCE CHARACTERISTICS: 
<A> LENGTH: 22 base pairs 
(B) TYPE: nucleic acid 
(C> STRANDEDNESS: single 
(0) TOPOLOGY: linear 

Cii) MOLECULE TYPE: DNA 



(Xi) SEQUENCE DESCRIPTION! SEO ID N0:6: 

22 

CACTCCCACC GTAGTCCAAT AC 

(2> INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



Cxi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 
AGTCAAACGC G 

<2) INFORMATION FOR SEO ID N0:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(Xi) SEQUENCE DESCRIPTION: SEO ID N0:8: 
AAGTCAACGC G 
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WHAT IS CLAIMED IS: 

1. A biologically pure culture of bovine 

Neospora . 

5 

2. The culture of claim l, which is selected 

from the group consisting of ATCC Accession No. 

(BPAl) , and ATCC Accession No. (BPA6) , 

3. A method of detecting the presence of 
antibodies specifically immunoreactive with a bovine 
Neospora antigen in a biological sample, the method 
comprising contacting the sample with the Neospora 
antigen, thereby forming a antigen/antibody complex, and 

15 detecting the presence or absence of the complex. 

4. The method of claim 3, wherein the 
NeoBpora antigen is an isolated Neospora tachyzoite. 

^° ^' method of claim 4, wherein the 

isolated Neospora tachyzoite is BPAl or BPA6. 

6. The method of claim 3, wherein the 
biological sample is bovine serum. 

25 

7 . The method of claim 3 , wherein the antigen 
is a protein isolated from a Neospora culture. 

8. The method of claim 7, the isolated 
30 protein has a molecular weight of 106 kD or 19 kD. 

9 . The method of claim 3 , wherein the antigen 
is immobilized on a solid surface. 



35 



10. The method of claim 3, wherein the complex 
is detected using a labeled anti-bovine antibody. 
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11. The method of claim 10, wherein the anti- 
bovine antibody is f luorescently labeled, 

12 . A method of detecting the presence of 
5 Neospora in a biological sample, the method comprising 

contacting the sample with an antibody specifically 
immunoreactive with a Neospora antigen, thereby forming 
a antigen/antibody complex, and detecting the presence or 
absence of the complex. 

10 

13. The method of claim 12, wherein the 
antibody is a monoclonal antibody. 

14. The method of claim 12, wherein the 
15 antibody is immobilized on a solid surface. 

15. The method of claim 12, wherein the 
complex is detected using a second labeled antibody. 

20 16. The method of claim 15, wherein the second 

labeled antibody is specifically reactive with a second 
Neospora antigen. 

17. The method of claim 15, wherein the second 
25 labeled antibody is specifically reactive with the 

antibody specifically reactive with the Neospora antigen. 

18. The method of claim 12, wherein the 
biological sample is bovine neurological tissue. 

30 

19. A method of detecting the presence of 
Neospora- specif ic nucleic acids in a biological sample, 
the method comprising contacting the sample with a 
oligonucleotide probe which specifically hybridizes with 

35 a target Weospora-specif ic polynucleotide sequence, 
thereby forming a hybridization complex, and detecting 
the presence or absence of the complex. 
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20. The method of claim 19, further comprising 
amplifying the target Neospora- specific polynucleotide 
sequence . 

21 The method of claim 19, wherein the target 
«eospcra- specific polynucleotide sequence is immobilized 
on a solid surface. 

^1- J r.iaim 19. wherein the 

22. The method of claim xs, 

10 oligonucleotide probe is labelled. 

23 A pharmaceutical composition comprising a 

V n,»r^^utically acceptable carrier and an 
pharmaceuticaliy a p „^ „f . bovine YlBoapors. 
immunogenically effective amount of a bovine 

15 antigen. 

24 The composition of claim 23, wherein the 

. c isolated bovine l>leospora 

bovine Weospora antigen is an isoiatea 

polypeptide. 

^° --^^r, r^f claim 24, wherein the 

25. The composition ot ciaim 

polypeptide is recombinantly produced. 

• claim 23, wherein the 

26. The composition of claim a , ^. . 

bovine »eoapora antigen is e=cpressed by a recombinant 
virus. 

2, . A method for protecting a bovine animal 



30 



35 



from infection by bovine Neospora, the method comprising 
frominfectio y pi^armaceutical composition 

the administration ot P ^^^^^^ and an 

comprising a pharmaceuticaliy ---^^^ , 
immunogenically effective amount of a bovi 

antigen. 

2e. The method of claim 27. wherein the bovine 
animal is a cow or heifer. 
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29. The method of claim 27, wherein the 
phazmaceutical composition is administered when the 
bovine animal is breeding. 

5 30, The method of claim 27, wherein the 

pharmaceutical composition is administered parenterally. 
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